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PREFACE

This document was prepared by the Office of Research and Analysis, Volpe National
Transportation Systems Center, under the sponsorship of the Advanced Public Transportation
Systems (APTS) Program, Federal Transit Administration (FTA) and with the guidance of Mr.
Ronald Fisher, FTA’s Director of Training, Research, and Rural Transportation. The Volpe
Center operates under the auspices of DOT’ s Research and Special Programs Administration
(RSPA). The mgor contributors were Mr. Robert Casey, RSPA/Volpe Center Operations
Research Analyst, and Dr. John Collura, RSPA/V ol pe Center Faculty Fellow and Professor of
Civil Engineering at the University of Massachusetts, Amherst. Technical assistance also was
provided by Ms. Judith Schwenk and Mr. Lawrence Label1 of the RSPA/V olpe Center and Dr.
Thomas Horan of the Institute of Public Policy at George Mason University. The summaries
of the breakout sessions at the recent National Workshop on APTS Evaluations also were useful
in the completion of the guidelines. The summaries were prepared by Ms. Katherine Tumbull
of the Texas Transportation Institute, Mr. John Mason of Science Applications International
Corporation, Mr. Joel Markowitz of the Metropolitan Transportation Commission (San
Francisco), and Mr. Philip Shucet of Michael Baker Jr., Inc.

The preparation of this document was also facilitated by prior evaluation work by Mr.
Mark Abkowitz, Ms. Carla Heaton, Mr. Chester McCall, Mr. Howard S. Slavin, and Mr.
Robert Waksman as part of the Federal Transit Administration’s Service and Methods
Demonstration program.

The document consists of evaluation guidelines for use by contractors responsible for
evaluating APTS operationa tests.  Although these guidelines are intended for the APTS
Program, their potential applicability extends beyond the evaluation of FTA-sponsored
operational tests to the evaluation of any innovative use of advanced technology in public
transportation.

It is anticipated that this document will be modified periodically to reflect additional
experience gained in evaluating APTS operational tests.
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1. OVERVIEW OF EVALUATION GUIDELINES

This document presents guidelines for planning, implementing, and reporting the findings
of the evaluation of Federal Transit Administration’s (FTA) Advanced Public Transportation
Systems (APTS) operational tests. These evaluation guidelines are intended for use by
organi zations engaged by the Research and Special Programs Administration/V ol pe National
Trangportation Systems Center (Volpe Center) to evaluate the APTS operational tests. In
addition, the guidelines will be useful to state and local organizations involved in the design and
evauation of Advanced Public Transportation Systems.

An objective of these guidelinesisto foster consistency of evaluation philosophy and
techniques, and comparability and transferability of results to improve the quality and utility of
information obtained from the APTS program. The guidelines are designed to emphasize the
assessment of the APTS Program’s national objectives as well as the objectives of the local
implementing agency.

The various operational tests implemented under the APTS Program are meant to serve
as learning tools and/or as models for other locales throughout the country. In order for these
tests to have maximum effectiveness in their respective operationa capacities, a consistent,
carefully structured approach to project evaluation is desirable.

This document has been prepared to provide a common framework and methodology for
developing and then executing the evaluation of individual operational tests. These evaluation
guidelines are by no means comprehensive--that is, they do not offer a suggested or preferred
course of action for every conceivable situation that might arise. Nor are they to berigidly or
blindly followed, since each operational test and each site will be unique and will require
somewhat tailor-made evaluation procedures.

It is anticipated that these guidelines will be modified during the course of the APTS
Program to reflect experience gained in implementing and monitoring the evaluations of
individual tests. Although it is not the desire to update these guidelines frequently, modifications
resulting from field experience will be made where appropriate for enhancement of performance
and evaluation of the various projects.



In order to put these guidelines into a meaningful context, Chapter 2 provides background
information on the FTA/APTS Program and the operational test evaluation process. Chapters
3 and 4 present guidelines relative to planning and executing operational test evaluations.
Finally, Chapter 5 presents the recommended content and organization for each type of report
to be prepared in conjunction with the evaluation process.




2. BACKGROUND

The Federa Transit Administration has devel oped the Advanced Public Transportation
Systems (APTS) Program which isan integral part of the overall U.S. DOT Intelligent Vehicle
Highway Systems (IVHS) effort. A major aim of the APTS Program is to promote research and
development of innovative applications of advanced navigation, information, and communication
technologies. These technologies would be designed and tested to achieve APTS Program goals
directed toward enhancing the ability of public transportation systems to satisfy customer needs
and contributing to the achievement of broader community goals and local objectives. The
APTS Program goal's and objectives will be discussed further within the context of the evaluation
frame of reference.

The wide array of new technologies provides a unique opportunity to discover innovative
and useful applications in public transportation. These operational tests and evaluations will be
the principa activities of the APTS Program. Real world testing will be done in urban and rural
areas using those technologies which appear to offer promise and represent useful applications.

Major technologies include automated vehicle location systems, smart card systems,
dynamic ridesharing systems, passenger information systems, high occupancy vehicle systems,
and vehicle component monitoring systems.  Exhibit 1 provides selected examples of these
technologies and associated applications. Testswill involvejoint ventures with state and local
governments, and, when appropriate, universities and private vendors. Tests may range from
3-4 years. |-2 yearsto develop implementation plans, 1 year to implement service, and 1 year
to evaluate the APTS application and associated impacts.

In order for the APTS Program to encourage significant technological innovations by
many urban and rural areas, the technologies tested and the results obtained must be evaluated,
well documented, and widely distributed. It isimportant not only that the operational tests be
structured and evaluated to facilitate transferability of results but also that evaluation results be
disseminated so that prospective beneficiariesin other urban and rural areas are made aware of
the potential of such technologies. Accordingly, asignificant element of the APTS Program is
the technology sharing function.



EXHIBIT 1. SELECTED EXAMPLES AND APPLICATIONS OF APTS

APTS Examples

Automated vehicle location (AVL)
system using satellite or ground-based
technologies and computerized
dispatching techniques

Smart card systems using a contact or
contactless plastic card with a
microchip and storage and processing
capabilities

Applications

controlling and monitoring the use of
vehicles

estimating vehicle positions to assist
dispatchers in improving on-street
schedule adherence

obtaining boarding and alighting
information in conjunction with
automatic passenger counters (APCs)

assisting in the development of more
realistic schedules

facilitating the assignment of
individuals to shared ride, demand
response services

assisting in the preparation of daily
driver logs

facilitating the collection of fares, the
verification of travel, and the
acquisition of information about
passengers and vehicle usage

encouraging the coordination of various
modes including bus, rail, auto, and
parking services

aiding in the establishment of a post-
payment fare system and the
application of employer and human
service agency-based subsidy programs

assisting in the design of a
comprehensive, historical vehicle
maintenance and parts inventory data-
base



EXHIBIT 1 (continued)

APTS Examples

Dynamic ridesharing systems using
real-time communication methods
with the aid of touch-tone telephone,
television, radio, and videotex
systems

Passenger information systems
using audio, visual, and/or hard
copy methods such as digitized
voice, interactive television,
videotex, automated map displays,
computer monitors and printers, and
other devices located in terminals,
stations, vehicles, places of
employment, and a home; also
could be provided in conjunction
with a traffic management center

(TMO).

High occupancy vehicle systems
(HOVs) including preferential
treatment methods and park and ride
facilities

Vehicle component monitoring
systems

Applications

providing quick and easy accessto
up-to-date information to aid an
individual in arranging a carpool or
vanpool the same day or evening
before atrip

supplying passengers with rea time
information on routes, schedules,
cancellations, delays, rerouting, and
other aspects of service to make
travel easier and to facilitate
intermodal transfers

supplying potential passengers with
public transportation information, in
addition to traffic information, in
order to encourage the use of
aternativesto the automobile mode

providing traffic control signal
preemption capabilities

monitoring  vehicle  occupancy
remotely to enforce HOV lane
restrictions

assisting in the early detection of
problems with vehicle components
(e.g. engine, exhaust system) to
avoid component failure while
vehicleisin service

The exact number, general content, and location of the APTS operational tests are yet
to be determined. For each fiscal year program, a series of primary objectives will be selected,
and a group of proposals corresponding to each objective, and in keeping with total budgetary
constraints, will be developed. Then, following an investigation, analysis, and negotiation
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process involving FTA, the Volpe Center, and candidate sites, a final set of operationa tests and
respective sites will be agreed upon. Once final negotiation and transfer of funds between FTA and the
APTS local sponsor are completed, the operational test can be implemented and eval uated.

As part of its responsibility to evaluate the operational tests implemented under the APTS
Program, the Volpe Center shah engage contractor support to participate in all phases of the evaluation
process.

Exhibit 2 shows the interaction among FTA, the Volpe Center, the local sponsor, the evaluation
contractor, and the APTS vendors involved in the operational test.

FTA/APTS dtaff is responsible for overseeing and guiding al aspects of the operationa
test including planning, site selection, negotiations with the site, implementation, and evaluation.
The local sponsor is responsible for planning and implementing the actual conduct of the
operational test as well as performing most of the data collection. The Volpe Center assists FTA
in the activities for which FTA is responsible, and directs and monitors the efforts of the
evauation contractor. The Volpe Center, the evauation contractor, and the vendors interface
with the local sponsor (or the implementing agency, if different from the local sponsor). While
being directly responsible to the Volpe Center for its activities, the evaluation contractor will

EXHIBIT 2. EVALUATION RELATIONSHIPS

FTA APTS Program Staff
Office of Training, Research, and Rural Transportation

Volpe Center Local Sponsor

“ APTS Vendors
Evaluation Contractor

Formal Association
Informal Association




maintain an informal association and relationship with the local sponsor, the APTS vendors, and
the cognizant FTA Project Manager. The APTS vendors, as deemed appropriate by FTA and
the Volpe Center, may participate in a review of the evaluation plan, data reduction and
anaysis, and the interim and final reports. The APTS vendors may serve on the local evaluation
review team as discussed in Section 2.2.

2.1 OVERVIEW OF THE EVALUATION PROCESS

The evaluation process can be thought of conceptually as a link between the operational
tests and technology transfer portions of the APTS Program. That is, it serves as a bridge
between the conduct of an operational test at a particular site and the understanding of its actual
performance at that site as well as its potential effectiveness in other locales. The quality of the
evaluation process directly influences the accuracy and perceptiveness of the operational test
assessment and ultimately affects the applicability and transferability of test findings.

Exhibit 3 is a flow diagram representing the evaluation process for an APTS operational
test. The diagram is divided into four major sections: the evaluation frame of reference,
eva uation planning, evaluation implementation, and potential evaluation spin-offs. (The specific
organizational responsibilities associated with the various aspects of each APTStest are given
later in this chapter.) The first and fourth sections can be thought of, respectively, as input to
and output from the active phases of the evaluation process, which are planning and
implementation. A discussion of each of the four sections follows.

2.1.1 Evaluation Frame of Reference

The evaluation frame of reference consists of four elements.  the operational test
application(s); APTS Program objectives; externa influences; and local issues, objectives and
site characteristics.

An APTS operational test will consist of one or more technological applications
introduced individually or sequentially. For example, atest might include the use of a smart
card to facilitate automatic fare collection. Another example could consist of an automated
vehiclelocation (AVL) system to determine vehicle position, followed by the installation of an
automated passenger counting (APC) system and a computerized dispatching and scheduling

7



EXHIBIT 3: EVALUATION PROCESS*

EVALUATION FRAME OF REFERENCE

Project Background and APTS Other Objectives, Extérnal
Description of APTS Program lssues and Influences
Applications Objectives Local 8ite Characteristics

Evaluation

Strategy

Planning Decisions Relative

Determination of Measures and to Data Collection/Analysis
Collectlon/Derlvation Techniques +Basic Data Collection/ Determination ot
Required to Assess APTS Costs Analysis Design Site Data
and Funcﬂo‘nnl Cha‘r‘act:rlshc-. «Criterla Stratification Requirements
User Accep E ) and Sources

+*Sampling Requirements
+Timing of Data Collection

i |
l

Evaluation Plan

Efficiency, and Impacts

v

EVALUATION IMPLEMENTATION

Recording of Project Coliection/Analysis of Other Analysis of
Implementation/Operational Quantitative/Qualitative Information Relevant
History Measures to Project Issues

Collection/Analysis Recording of
of Site Specliftic Data External Events

| l l I

Final Summary Evaluation Report

* Evaluation Relative to APTS Program Objectives and other
Project Objectives

+ Assessment of Slte-specific and External Influences on Project

* St y of L L d Relative to Project
implementation/Operation

* Review of Evaluation Procedures

v

POTENTIAL EVALUATION SPIN-OFFS

» Comparison of Project Results with Those of Other APTS Projects
» Application of Project Findings to Innovations in Other Sites

» Post Operational Test Project Modifications at Test Site

» Use of Project Data Base in Simulation Models

» Imp in Evaluation P , Frame of Ref: , and Plan

* Adapted from UMTA(FTA)/SMD Program Evaluation Guidelines




system which work in conjunction with the AVL system.

Each APTS operational test also is intended to meet the goals of the APTS Program
which are: 1) to enhance the ability of public transportation to satisfy customer needs; and 2)
to contribute to broader community goals by providing information on innovative applications
of available IVHS technologies. These goals can be trandated into the following set of
objectives.

Objective #1. Enhance the Quality of On-Street Service to Customers

- Improvethe quality, timeliness, and availability of customer information,
- Increase the convenience of fare payments within and between modes,

e Improve safety and security,

- Reduce passenger travel times, and

e Enhance opportunitiesfor customer feedback.

Objective #2: Improve System Productivity and Job Satisfaction

e Reducetransit system costs,

e Improve schedule adherence and incident response,

e Increasethetimeliness and accuracy of operating datafor service planning and scheduling,
- Enhance the response to vehicle and facility failures,

- Provideintegrated information management systems and better management practices, and
e Reduce worker stress and increase job satisfaction.

Objective #3: Enhance the Contribution of Public Transportation Systems to Overall Community
Goals

o Facilitate the ability to provide discounted fares to specia user groups (e.g., disabled persons
or employees eligible for tax-free employer subsidies),

- Improve communication with users having disabilities (e.g., visua or hearing impairments),
e Enhance the mobility of users with ambulatory disabilities,

e Increase the extent, scope, and effectiveness of Transportation Demand Management
programs,



e Increase the utilization of high occupancy vehicles, with an emphasis on reducing the use of
single occupant vehicles, and

e Assistinachieving regional air quality goals and mandates established in the Clean Air Act
Amendments of the Intermodal Surface Transportation Efficiency Act (ISTEA).

Objective #4. Expand the Knowledge Base of Professionals Concerned with APTS Innovations
e Conduct thorough evaluations of operational tests,

e Develop an effective information dissemination process,

e Showecase successful APTSinnovationsin model operational tests, and

e Assist system design and integration.

Objective#l relates primarily to the riders and their desire for improved transit service.
Objective #2, on the other hand, deals in part with management aspects regarding system costs,
service planning, scheduling, and operations. Objective#3 concerns broader impactsin terms
of the degree to which an APTS application contributes to local community goals and national
Issues pertaining to, for example, the special needs of disabled persons, congestion management
activities, user-side subsidy initiatives, energy, air quality, and accessibility. In section 3.2.1,
measures are presented to examine the level to which these first three objectives are attained in
each operational test.

The fourth objective is directed at expanding’ the knowledge base of policy-makers,
engineers, planners, researchers, and other individuals interested in the application of advanced
technologies to improve public transit. Because this objective is a broader, overarching aim of
the entire evaluation program, its level of achievement will not be assessed using measures such
as those discussed in section 3.2.1. Instead, an effort will be made to cull information from
interim and final evauation reports prepared as part of each operational test, and this
information will be disseminated in publications such asFTA’ SAPTSBriefs, IVHS America's
Newsdletter, and technical journals and conference proceedings of other organizations. In
addition, selected evaluation results will be summarized on electronic bulletin boards commonly
available to transportation professionals, and results will be presented at national and
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international meetings.  Finally, where appropriate, the findings and conclusions of the
evaluations will be used as a basis for discussion in focus groups, meetings, and seminars.

It should also be emphasized that for any given operational test, there may be objectives,
over and above the APTS Program objectives, which are important evaluation considerations.
These might be state or local objectives which other participants (e.g. transit operator, state
transportation agency, community group, or local government) are striving to attain (e.g., to
encourage ridesharing into the downtown area for the purposes of reducing parking requirements
or traffic congestion in the central business district, to preserve the stability, cohesion, and
authenticity of neighborhoods). The extent to which these state and local objectives relate to the
APTS program objectives should be identified by the contractor.

The operational test site can consist of anything from a corridor in acity to a group of
cities or towns, and can be at any point along the population and density spectrum. An
understanding of the unique demographic, economic, geographic, and transportation
characteristics of the site, aswell as prevailing attitudes toward transportation, is a useful and
necessary adjunct to knowledge about the APTS application and associated objectives.

To the maximum extent possible, externa influences on the project should also be
identified and, if necessary, appropriate strategies should be designed to reduce the likelihood
that such influences will have adverse effects on the operational test. For example, if the APTS
application has radio frequency (RF) spectrum requirements, such requirements should be
anayzed, and political negotiation with authorized communication agencies should be initiated
as early as possible.

Information on the planned APTS innovations, project objectives, other issues and site
characteristics, and external influences will generally be available from the application submitted
to FTA by the site prior to approval of the project. Depending on thetiming of the evaluation
contractor’ sinitial involvement in the project, a more detailed description of the project may be
available in the form of a Project Implementation Plan. Further background on the operational
test (e.g., genesis of the project concept, recent history of transit/para-transit developments at
the site) can be obtained through discussions with the FTA Project Manager, the Vol pe Center
staff, and the local sponsor.
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2.1.2 Evaluation Planning
The eva uation planning phase of the evaluation processis the period during which the
contractor interacts with FTA, the Volpe Center, and various agencies at the local level to
transform the evaluation frame of reference into a detailed, structured program for conducting
the evaluation. This phase sets the stage for the entire evaluation effort and, in addition,
provides an opportunity to reassess and, if necessary, restructure the planned operational test.
The planning phase begins with the preparation of an Evaluation Strategy for the
particular project, which describes:
(1) Pertinent information on the APTS application and site (in particular, an indication of
what features of the operational test are unique and merit emphasis in the evaluation).
(2 APTSProgram objectives addressed by the operational test.

(3) Relevantlocal, state and/or national objectives and issues addressed (and the relative
emphasisto be placed on these objectivesvs. APTS objectives).

(4) Key issuesto be resolved.
(5) External influences to be addressed.

(6) Recommended scope and focus of the evaluation including a discussion of the APTS
costs and functional characteristics and a review of the potentia efficiency,
effectiveness and other impacts anticipated.

The Evaluation Strategy may be prepared by the Volpe Center or the contractor. The contents
of each Evaluation Strategy will vary from test to test depending on the nature and timing of the
project.

The Evaluation Strategy becomes the basis for the more detailed Evaluation Plan’ which
is developed by the contractor. While the VVolpe Center will provide a general evaluation
strategy including suggestions regarding measures to be used, data to be collected, and analytical
techniques to be employed, it is generaly the contractor’s responsibility to reline and elaborate
on the Volpe Center’ s suggested strategy by devel oping specific procedures for collecting and
analyzing data relative to project objectives, issues, and the site.

[1] Chapter 3 presents guidelines relative to the evaluation planning phase. The recommended content and
organization of the Evaluation Plan are presented in Chapter 5.
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In developing the Evaluation Plan, the contractor is encouraged to propose changes to
the approach recommended by the Volpe Center, particularly if the proposed modifications have
significant potential to improve the objectivity, accuracy, completeness, and/or efficiency of the
project evaluation effort or to enhance the transferability of project findings. In addition, total
evaluation costs relative to potential findings must be borne in mind at all times.  Throughout
the process of developing the Evaluation Plan, the contractor is urged to keep in close contact
with the local sponsor or project team responsible for implementing and operating the test and
performing datacollection. This continuing liaison with the local sponsor will ensure that the
proposed methods of data collection are consistent with the resources available at the local level,
with the operational implementation plan developed by the site, with important local objectives,
and with reasonable costs for the evaluation contractor efforts.

As s apparent from the preceding discussion, the evaluation planning phase entails
substantial and continued interaction among al parties involved in the operational test. Ideally,
planning of the evaluation effort should be coordinated, and take place concurrently with the
planning of the project itself. This coordination between the implementation/operation and
evauation planning cycles permits optimum flexibility in the conduct of the overall test. Where
possible, operational aspects of the test will be planned to conform to requirements of the
evaluation, rather than the evaluation having to be integrated into a pre-existing, rigid
operational structure. The concurrence of the two planning cycles ensures that the Evaluation
Plan is completed prior to the implementation of the project. Early development of the Plan,
in turn, alows the necessary lead time for “before” data collection -- that is, observations of
phenomena such as transit system performance prior to the introduction of the APTS
application(s) as well as possible information on community awareness and attitudes prior to
project implementation. Throughout this phase of the project, it is critical to recognize that the
FTA Project Manager is the final authority in negotiating any operational test modifications with
the local sponsor.

2.1.3 Evaluation Implementation
The evaluation implementation phase is the period during which the approved Evaluation
Plan is executed.  Activities during this phase include collection/analysis of data relative to

13



project objectives and issues, collection/analysis of data on site characteristics, compilation of
a chronology describing the implementation and operation of the test, and recording of externa
factors which might influence operationa test findings and results. Contractor functions during
this phase include monitoring and in selected instances, supervising the data collection process
(generally to be performed by the local sponsor), any data collection not performed by the local
sponsor, data reduction and analysis, subjective analysis of information relative to project issues,
and synthesis of project findings into one or more Interim Evaluation Reports and a Final
Summary Evaluation Report.2

This phase not only generates information on which the final assessment of the
operational test is based but also provides feedback information relative to ongoing transit
operations. The ongoing evaluation activities, while adding to the cumulative body of
quantitative and qualitative information regarding the project impacts, provide interim indications
of costs and functions of APTS applications and the preliminary effects of these applications on
transit system efficiency and effectiveness. These interim findings serve as useful input to the
local agency responsible for implementing and operating the test by suggesting the need for
operational modifications.

During this phase, modifications may be made to the evaluation procedures originally
specified in the Evaluation Plan.  For instance, examination of interim findings may reveal
certain gaps or redundancies in the originally planned data collection program.  Still other
reasons for modifying the evaluation procedure might be changes in the operational test,
unanticipated developments or institutional factors at the site, or discovery of an improved
evaluation procedure. Procedural steps to accomplish this necessary update for the Evaluation
Plan appear in Chapter 5.

The culmination of the evaluation implementation phase is the Final Summary Evaluation
Report, which presents the following types of findings:

[2] Chapter 4 presents guidelines relative to the evaluation implementation phase. Chapter 5 gives the
recommended content and organization of the various contractor reports prepared during this phase,
including the Monthly Evaluation Progress Report, the Annual Project Status Summary, the Interim
Evaluation Report, and Final Summary Evaluation Report. In addition, Chapter 5 describes the content
of the local sponsor® Quarterly Project Progress Report to FTA, which can serve as useful input to the
contractors work.
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(1) Evauation of the project in terms of its attainment of relevant APTS Program
objectives and other (local and/or national) project objectives.

(2) Insight into project issues associated with operational feasibility and characteristics of
the applications.

(3) Assessment of theinfluence of site-specific characteristics and external factors on the
outcome of the operational test.

(4) Lessons learned, based on practical experience, relative to the implementation and
operation of the APTS applications (possibly to include recommendations for project
modifications in the test site or for future applications in other locales).

(5) Appraisa of the evaluation procedures employed in terms of effectiveness, cost,
accuracy, etc.
In essence, this report presents an assessment of the impact of the APTS applications at the site
and provides guidance for the transferability of results to other locales.

The body of the Final Summary Evaluation Report includes both narrative and graphic
exposition, while detailed quantitative data and documentation of procedures are provided in
technical appendices. Since the report is intended for a variety of audiences -- including
transportation planners; transit operators; federal, state, and local officials, and private industry -
- it contains an Executive Summary which highlights the salient project findings.

2.1.4 Potential Evaluation Spin-Offs

It is anticipated that each operational test will giveriseto potential implementation and
andytical spin-offs. The Fina Summary Evaluation Report, while essentially documenting the
history and effects of a single project, also serves the broader function of increasing the
understanding of and stimulating the application of the demonstrated APTS technologies in other
localities. Information presented in the report provides a versatile basis for comparing the
effects of a particular APTS application with those of other similar projects, suggesting
modifications to the applications for future use, and predicting the effectiveness and utility of
the APTS applications in other cities. Moreover, the report’ s assessment of project evaluation
procedures can serve as a stimulus for improving the state-of-the-art of evaluation techniques.
Since these broader functions of the Final Summary Evaluation Report generally materialize after
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the test period and are not within the purview of the evaluation contractor assigned to a
particular project, they are shown in Exhibit 3 as potential evaluation spin-offs.

2.2 COORDINATION OF APTS EVALUATIONS

Exhibit 4 summarizes the various activities involved in planning, implementing, and
evaluating an APTS operational test and indicates the alocation of responsibility for these
activities. The sequence of activities ranges from overall APTS Program definition, to the
operation and evaluation of an individual test, to the spin-off uses of the project. It can be seen
that the entire stream of activities, especialy those comprising the evaluation process, involves
extensive interaction among FTA, the local sponsor, the Volpe Center, the evaluation contractor,
and the APTS vendors. Moreover, it should be noted that the activities shown do not always
occur in afixed sequence.  Time constraints may require that some of the steps be performed
in parallel, and there will ideally be considerable interaction and feedback between the project
planning and evaluation planning phases. The review functions of the Vol pe Center, the local
sponsor, and the APTS vendors associated with the data analysis provide a mechanism to
identify, on a continuing basis, major problems (if any) so that APTS operational changes can
be made (if necessary) during the course of thetest. Evaluation spin-offs, while arising out of
individua tests, will result in activities which extend beyond the FTA, Volpe Center, loca
sponsor, and evaluation contractor.

The diversity of activities and generaly long (three to four years) time frame for an
individual test necessitate close and continual coordination among the groups involved. To
facilitate communication among local test participants and the contractor concerning the
evaluations, FTA will encourage the establishment of a local evaluation review team consisting
of representatives of transit providers, metropolitan planning agencies, human service
organizations, environmental groups, APTS vendors, and the general public. It may also be
appropriate to include faculty from local colleges and universities on the evaluation review team.
The contractor will meet with the local evaluation review team to discuss the project objectives
and the emphasis to be placed on each objective in the evaluation; to determine the roles and
responsibilities of all parties involved in the anticipated data collection activities; to review
problems encountered (if any) during the conduct of major data collection activities and overall
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EXHIBIT 4. APTS OPERATIONAL TEST PLANNING, IMPLEMENTATION, AND
EVALUATION: SEQUENCE OF AND RESPONSIBILITY FOR ACTIVITIES

Category Activity FTA Local Volpe - | Con- | Ven-
of Activity Spusr* | Center tretr | dors
APTS Establishment APTS Program objectives P '
Program

APTS Identification of candidate sites/operational tests P

Program

Planning FTA/Site negotiations P

Planning Development of final operational description R P R R

and implementation plan for operational test
‘Bvaluation | Development of Evaluation Strategy® R P
Bvaluation | Development of Evaluation Plan R R P R
Evaluation | "Before" data collection P M M
Operation Test implementation M P M M
Evaluation | Data collection P M M
Bvaluation | Data reduction and analysis R M P R
Oper/Eval | Preparation of Quarterly Project Progress R ) 4
Reports?

Evaluation | Preparation of Final Evaluation Report? R R R P R
Spin-off Inter-project comparisons R P

Spin-off Post-operational test project modifications at site R P

Spin-off Improvement in evaluation methodology R R R P

Spin-off Application of project findingsto other sites Other siteb

Spin-off Use of project data base in simulation models

KEY:

P = Primary role

a

Includes local evaluation review team.
Local evaluation review team will be established as part of negotiations.
Primary role may also be assigned to the contractor.
monitor the conduct of some data collection efforts such as an on-board survey to ensure that such efforts are
carried out properly and that appropriate personnel are available to address unanticipated problems and

questions.

M = Monitoring role

FTA will disseminate information from these reports, where appropriate.
FTA% APTS Briefs, IVHS Americas Newsletter, professional conference papers, and electronic bulletin
boards. The final evaluation reports themselves will also be published.
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R = Review function

It may be necessary to have the contractor on-site to

Such information will appear in



operational test implementation; to present preliminary findings and results of the data analyses;
and to seek the team’sinput. However, equally as important as coordination within a particular
project is coordination across test sites, so as to maximize the effectiveness of the APTS
Program in encouraging the application of new innovations. This coordination across sitesis
especially important with respect to the evaluation process.  Given the multiplicity of sites,
operational tests, and participating organizations within the APTS Program, there is a strong
need for coordination of the evaluation process so as to achieve consistency in the planning,
implementation, and output of individual project evaluations.

With respect to the conduct of the evaluations, such coordination will ensure that: (1) the
scope of each evaluation effort is consistent with the importance of that particular APTS test
relative to other APTS tests; (2) the technical approaches used to evaluate tests are consistent
with the current state-of-the-art of evaluation techniques; (3) common data and definitions are
employed; and (4) statistical reliability is maintained.

With respect to evaluation output, such coordination will ensure that the Final Summary
Evaluation Reports associated with individual projects are consistent in terms of content, format,
perspective, and level of detail. This consistency in output will, in addition, enhance the spin-
off potential of the evaluations. The achievement of abasic data set of uniform quality across
operational testswill make possibleinter-project comparisonsin terms of rider characteristics,
site characteristics, user acceptance, and system efficiency and effectiveness and associated
criteria. - These types of comparisons will be especialy significant in the case of multiple
applications of a particular APTS technology in several locations, or in the case of operational
tests involving alternative APTS technologies directed towards a particular APTS Program
objective.

The coordination of the individual evaluation efforts will be achieved through the Volpe
Center’ s active and continual participation in the program, with functions ranging from initial
planning of each project evauation effort, to monitoring of the contractor team, and finally to
the synthesis of individual operational tests, evaluation reports and results. This document
constitutes the first stage of the Volpe Center’s evaluation coordination function, in that it
describes general procedures to be followed by each contractor in performing the various
evauation tasks specified in the contract.
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3.GUIDELINESFORPLANNINGEVALUATIONACTIVITIES

This chapter presents guidelinesfor planning the evaluation activities associated with a
particular APTS operational test. Aswas mentioned in Chapter 2, the evaluation planning phase
of the evaluation process is that period during which the contractor prepares a detailed
Evaluation Plan based on the Volpe Center’s Evaluation Strategy. The Evaluation Plan contains,
among other things, a listing of relevant quantitative and qualitative measures related to various
APTS, local, and national objectives and relevant issues, associated data collection and analysis
procedures, and site specific data requirements and sources (both one-time and recurring). As
such, the Evauation Plan constitutes a structured, time-phased program for subsequently
conducting the evaluation.

The chapter is organized into three sections, corresponding to the basic decision-making
elements shown in Exhibit 3:

e determination of site data requirements and sources,
e determination of measures and collection/derivation techniques required to address APTS

Program objectives and other relevant objectives/issues, and

e planning considerations relative to data collection and analysis.
The organization of the chapter is not meant to imply a highly ordered time-sequencing of
activities, since the evaluation planning phaseisin fact highly iterative and dynamic. Moreover,
itisimportant to realize that these guidelines comprise abasic set of ground rulesfor planning
evaluations. The evaluation contractor will, in all probability, need to depart from these
guidelines during the actual planning phase, so as to conform to the unique conditions
surrounding a given operationa test.

The contractor should recognize his responsibility in working with the local sponsor and
the Volpe Center to assure that an objective assessment of the project is achieved. One or more
Site visits during the evaluation planning phase is desirable to establish working relationships and
channels of communication among the involved organizations and to uncover any constraints
which may have asignificant bearing on the development of the Evaluation Plan. Duringthis
planning effort, clarification must be made regarding responsibilities for performing and/or
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EXHIBIT 5: BASIC SITE DATA REQUIREMENTS FOR APTS OPERATIONAL TESTS

© oo N o gk~ WD

'_\
©

Population

Square miles

Population density, persons per square mile

Number of personsin the labor force

Number of households, by type

Age, sex, education, occupation, income distributions
Household auto ownership

Number of persons with no driverslicense

Modal split, by trip purpose or time of day if available
Existing (Pre-operational test) transit service characteristics

- Organizationa arrangements

Route miles (fixed route systems)

Tour area(non-fixed route systems)

In-service vehicles per square mile of service area (non-fixed route system)
In-service vehicles per hour within service area

Time of service operation throughout day

Days of service operation throughout year

Servicefregquency (fixed route systems)

Fare schedule

11. Description of para-transit service characteristics

Dataon taxi operations
Information on carp001 promotion/matching programs

12. Map of the site showing:

The APTS project service area - note that this might be a contiguous area served throughout
by the APTS transit system, or it might be two or more non-contiguous areas linked by the
APTS service through atravel corridor

The existing transportation network - major highways, transit lines, commuter rail lines

Air quality attainment and non-attainment areas

Major topographical features such asrivers

The central business district

Any other important activity centers

13. Description of relevant site features such as:

Weather conditions

Seasona population variations

Ingtitutional/political  climate

Economic conditions

Cost indices (e.g., cost of living index, prevailing transit wage rates)

Population/employment growth rate, land use development patterns

Residentia mobility

Air quality conditions concerning ozone, lead, carbon monoxide, PMI0, and other
environmental concerns
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overseeing various activities. The Evaluation Plan should indicate the finally agreed upon
alocation of responsibility between the contractor and local evaluation review teams.

3.1 DETERMINATION OF SITE DATA REQUIREMENTS AND SOURCES

The purpose of the site data is to provide an in-depth understanding of those
characteristics of the site which might in some way influence the outcome of the project or the
interpretation of project results. Obviously, the APTS operational test will not be implemented
in astatic environment, but rather it will affect the surrounding area.  Thus, an examination of
certain site characteristics is necessary in order to assess fully and accurately the impacts of the
APTS application.

An additional function of site data is to enhance the comparability and transferability of
APTSproject findings. Specifically, if conclusions drawn from one project are to be compared
with fmdings of other similar projects or “transferred” to other potential sites, there must exist
an objective approach for such a comparison or transfer. This requires the identification of a
set of site-specific measures which permit one to classify sites in terms of meaningful similarities
or to identify significant areas in which sites differ. Such measures might employ data pertaining
to demographic and land use attributes, transportation facilities, and vehicle travel
characteristics, both intra and inter-urban. In addition, information on the political/institutional
climate of the area and prevailing attitudes toward transportation-related issues might be helpful
in anticipating or understanding any problems regarding implementation and evaluation of the
project.

A review of past transit project evaluations indicates an inconsistency in both the amounts
of and details concerning reported site-specific data. To some extent this inconsistency reflects
alack of standardized site data requirements, but more significantly it reflects deficienciesin
knowledge regarding the interplay between site characteristics and test results. In an attempt to
shed further light on the subject, a basic set of data requirements has been developed for use in
APTS operational test projects (see Exhibit 5).

Contractors are encouraged to propose additions or deletions to thislist, in the context
of particular projects, if it isfelt that the nature and scope of the project call for awider or
narrower set of site descriptors.  Contractors are also encouraged to propose permanent
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EXHIBIT 6: TYPICAL SOURCESFOR SITEDATA

DATA NEEDED

Demographic

Air Quality

Land Use Characteristics

Motor Vehicle Travel

Public Transportation Travel

Travel by Intercity Modes
(air, rail, bus)
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TYPICAL SOURCES

U.S. Bureau of the Census

City or County Clerk

State Department of Labor

State Department of Internal Revenue
City or County Planning Board

Environmental Protection Agency

City Directories

Local, Regional and State Planning Agencies
Tax Assessor's Records

Planning Studies

State Highway Department (or State DOT)
U.S. Census (Journey-to-work)

Loca Traffic Department

Earlier Travel Surveys

State Registration Records

Gasoline Tax Collection Records

Private Transit-Paratransit Companies
Transit Authorities

State Highway Department (or State DOT)
Loca Planning Agency

U. S. Census (Journey-to-work)

Earlier Travel Surveys

Federal Agencies such as.
Federal Aviation Administration
Interstate Commerce Commission
Federal Railroad Administration
Department of Commerce

State Regulatory Agencies

Earlier Travel Surveys

Private Carriers



additions, deletions, or changes to this minimum list based on their cumulative experience in
conducting APTS evaluations.

Aside from the site data requirements in Exhibit 5, it may be desirable in certain
instances to collect a standardized set of attitudinal measures to obtain a profile of the
community. Examples would be genera opinions regarding the role of government,
environmental issues, adequacy of transportation facilities, and desirability of travel by
aternative modes. Since the value of thistype of datafor evaluation and transferability purposes
has not yet been fully explored, community profile data will be collected only in selected
operational tests (to be identified by the Volpe Center). Appendix A contains sample
questionnaires which might be used to obtain such data. As experience isgained in this area,
a standardized approach to developing an attitudinal profile of the test site may be formally
incorporated into these guidelines.

It isanticipated that the data set and descriptive information shown in Exhibit 5 will be
available from secondary sources or from the local sponsor and will not involve specialized data
collection activities (an exception being attitudinal profile data, which will entail surveys).
Exhibit 6 indicates typical sources for various categories of site-specific data3

Once the contractor has determined the type of site data required and the appropriate
sources, two decisions remain: (1) the geographic scope of the area, and (2) the time period (s).

Regarding the geographic scope, it was indicated above that a basic data set should be
assembled for the APTS service area.4 In some cases, data conforming exactly to the service
area boundary may be unavailable or may be obtained only by aggregation of fine-grained data
(e.g., Census tract). If data is available for an area approximating the service area, the
contractor may choose to use this pre-existing data base rather than deriving a special data base,
provided that such a substitution will not be misleading and biasthe evaluation. On the other

[3] Adapted from Heaton, Carla; McCall, Chester; and Waksman, Robert; “Evaluation Guidelines for Service
and Methods Demonstration Projects”, USDOTAIMTA-SMD; Washington, DC, 1976.

[4] A definition of the APTS service area may not be available at the outset of the project, but rather will need
to be developed during the evaluation implementation phase on the basis of user surveys.
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hand, the use of fine-grained data may be appropriate if the service area is large and
heterogeneous and thus should be divided into zones.

The time period(s) for which dataisto be assembled depends on the time period of the
operational test and the rate at which conditions at the site are changing. If the project spans
afairly long period it may be desirable to gather site data for periods before, during, and after
the project. In the case of arapidly changing area or a staged project, data for even more points
in time may be necessary. Moreover, if an historical perspective on the site is deemed relevant
to the evaluation, it may be desirable to obtain 1980 as well as 1990 Census figures or recent
trend data for key variables such as population, employment, and modal split. Since original
data collection by the contractor is not anticipated, the number and exact timing of site data
periods will be constrained by the collection cycles of existing sources.

32 DETERMINATION OF MEASURES AND COLLECTION/DERIVATION
TECHNIQUES REQUIRED TO ADDRESS APTS PROGRAM OBJECTIVESAND
OTHER RELEVANT PROJECT OBJECTIVESISSUES

It was pointed out in Chapter 2 that the Evaluation Strategy will set forth a recommended
set of APTS Program objectives, relevant project objectives (of local and national significance),
and project issues to be examined. The contractor, in developing the Evaluation Plan, is
responsible for reviewing this recommended set in the context of the local sponsor’s Project
Implementation Plan and the various national and local perspectives, and then proposing
appropriate modifications to the list of objectives and issues.

Once the set of project objectives and issues has been finalized (which involves obtaining
concurrence from the Volpe Center), the contractor must associate with these items a set of
germane measures and identify suitable techniques to derive each measure and to collect
necessary data. It isimportant to note that certain issues may not lend themselves to the use of
quantitative measures but may rather involve qualitative analysis of pertinent information.

The material presented below is intended to guide the contractor in developing
appropriate measures and associated collection/derivation techniques. It is important to
recognize that this material will undoubtedly be modified asinformation is gained through the
consistent application and analysis of evaluation techniques on the operational tests. Therefore,

because revisions to data program requirements in terms of basic data sets, collection and
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analysis procedures, and presentation techniques can be expected, the fundamental value of this
section of the guidelinesliesin the manner in which it structures the approach to the selection
of measures and the sel ection of techniquesfor collecting/deriving them.

In preparing this material, considerable documentation was reviewed (see Bibliography).
In addition, direct observance and participation in many previous and ongoing Federally-funded
projects has permitted those preparing this document to identify not only a logical structure for
project evaluation but also to highlight problem areas of which all potential project evaluators
should be aware. The specific projects which contributed the greatest amount of insight were
the evaluation plan development for the APTS/AVL operational tests and the Service and
Methods demonstration projects.

3.2.1 Basic Set of Measures

To assist the evaluation contractor and the local evaluation team in the selection of
measures to assess operational test objectives, six categories of measures are suggested:

. APTS costs,

e APTS functional characteristics,

e User acceptance,

e transit system efficiency,

e transit system effectiveness, and

e impacts.

The first three categories of measures relate directly to the costs, functional aspects, and utility
of the APTS application and associated equipment. The next two categories pertain to transit
system performance in terms of actual delivery and usage of the transit services provided. The
final category of measures addresses project impacts related to critical transportation issues and
societal goas and concerns.

While many operational tests will be designed to achieve the same (or similar) objectives,
some tests might be particularly unique in their ability to address certain objectives.
Consequently, *“priority objectives’ should be identified in these unique tests, and a
corresponding set of measures should be formulated so that these “priority objectives’ are given
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proper attention, emphasis and evaluation resources. Furthermore, the type of measure and the
method of measurement should be considered as discussed below.

- Type of measure

Quantitative-- a measure which is expressed in terms of counts, measurements,

dollars, or other physical units

Qualitative -- a measure which is expressed in terms of people's attitudes,

perceptions, or observations

- Method of obtaining measure

Collected -- obtained by measurement (vehicle travel time), counting (number of
passengers), surveying (perceived reliability), or from records (daily revenue)

Derived -- calculated from collected measures either by simple arithmetic procedures
(passenger miles per seat mile) or through use of analytic models (reduction in air
pollution or fuel consumption)

In reviewing the basic set of measures, it isimportant to note that some of these measures would
be more meaningful if stratified by time of day (peak versus off-peak), location (corridor versus
arterial), person time segments (waiting, access, transfer, in-vehicle), route type (fixed route
versus demand responsive), and vehicle tour segments (in-service, non-service). Because such
a classification of measures would have needlessly extended the list, the subject of stratification,
or categorization, with respect to specific data collection plans is discussed separately in Section
3.3.2 of this chapter.

The above categories of measures are not to be construed as a minimum requirement for
every APTS project, since an evaluation need only encompass measures corresponding to the
APTS Program objectives and other project objectives/issues addressed by the particular
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operational test. Rather, the categories of measures should be used by the contractor as a
checklist from which the most germane measures can be selected and to which other relevant
measures can be added as appropriate.

It will be noted that for each of the APTS Program objectives, it is possible to measure
attainment of some objectives from two vantage points. the actual and the perceived attributes
of the transit system (as represented by quantitative and qualitative measures, respectively). In
the case of transit travel time, it might be appropriate to measure actual changesin travel time
and then to compare with perceived travel time. Similarly, in the case of APTS equipment
reliability and user acceptance measures, comparisons with user perceptions and attitudes might
also be appropriate.

Until more is learned about the interrelationship between actual measurements and
attitudinal data, it is not possible to set forth hard and fast rules for when to supplement
quantitative measures with qualitative measures. Clearly, it may be prohibitively expensiveto
employ this two-pronged procedure for each area of interest; on the other hand, mere reliance
on quantitative measures may result in overlooking what is in fact the maor behavioral
determinant -- people’'s perceptions of the system. For the time being, the contractor must
exercise sound judgment in deciding which situations are unique and instructive enough to
warrant a two-pronged data collection effort. In no case should an attitudinal measure ever be
used in place of a quantitative measure, where both are available.

The rationale underlying each category of measures and their association with operational
test objectives is discussed in Sections 3.2.1.1 to 3.2.1.6. Further discussion of data
collection/derivation techniques appears in Section 3.2.2.

3.2.1.1 APTS Costs and Functional Characteristics

Central to an operational test evaluation is the performance of the APTS system and its
individual components. Questions surrounding the costs and functional characteristics (including
reliability, usefulness, maintainability, adherence to specifications) should be addressed, and the
relationship between these APTS characteristics and overall operational test objectives should
be examined. Examples of such questions are:
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e What are the life cycle costs (including fixed and recurring expenses) of the APTS
system and its individua components? Which are “start-up” costs associated with the
newness of the system and might be avoided in future applications?

e |sthe automated vehicle location system easy to use and are vehicle positions determined
quickly and accurately so that on-time scheduling can be carried out and that passengers
are provided with timely information?

e Isthe smart card system reliable, and does the system meet the required design
specifications?

To the extent possible, the objective (or objectives) related to a particular APTS
component should be clearly articulated and the specific component costs and associated
functionality should be determined. This will facilitate the comparison of APTS costs and
associated benefits. It is recognized, however, that individual component costs may be difficult
to determineif the procurement process allows lump sum bids.

3.2.1.2 User Acceptance

The extent to which various APTS applications are actually utilized will be an extremely
important dimension of performance in each operationa test. The percentages and numbers of
riders using asmart card for fare payments are just examples of quantitative measurementsin
this category. In addition, qualitative measures of user acceptance (or utility) would be
employed, examples of which include the attitudes of riders regarding the usefulness of AVL-
based pre-trip information and the perceptions of dispatchers concerning the benefits of
component monitoring equipment.

3.2.1.3 System Efficiency and Effectiveness

Transit system performance is typically viewed in terms of efficiency and effectiveness,
both of which may be influenced by the use of the APTS application and other technology.
Efficiency is related to the extent to which system inputs such as vehicles, personnel, fuel, and
funds are employed to produce outputs; examples of outputs include the actual number of vehicle
miles or vehicle hours of service. For example, reductions in unit operating costs would be
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examined in part with the use of efficiency measures such as the operating cost per vehicle mile
or operating cost per vehicle hour.

Effectiveness concerns the users and actual demand for service and relatesto financial
aspects such as revenue and cost effectiveness, service utilization, quality, convenience, safety,
security, and reliability In addition, non-financial aspects of effectiveness include service
utilization, safety, security, and service reliability.

3.2.1.4 Impacts

To examine the extent to which the operational test responds to critical transportation
issues and national mandates such as the Americans with Disabilities Act, the Clean Air Act,
and other Federal legidative efforts, both quantitative and qualitative impact measures are
required. Such impacts may be anticipated or unanticipated and positive or negative. These
impacts relate to, for example, the transit agency and its internal activities and administrative
procedures; aspects of human factors; privacy; and matters dealing with equity, social, energy,
traffic congestion, air quality, special mobility needs, institutional and political concerns. For
example, the use of a smart card might facilitate the implementation of a more equitable and
efficient fare policy as may have been anticipated, but it unexpectedly required a reorganization
of the transit system’s finance department and the existing fare collection and accounting
activities and procedures. Another example concerns the use of an automated vehicle location
(AVL) system which, as intended, may improve on-time scheduling; however, such scheduling
improvements will only be realized after the transit dispatching staff has been properly trained
and has learned to use the AVL system for the purpose of communicating with the bus
operators.

3.2.1.5 Relationship Between APTS Program Objectives and the Categories of Measures

While the six categories of measures discussed above are not meant to be exhaustive,
they do provide structure and guidance in the selection of measures to evaluate the APTS
program objectives #l, #2, and #3 to the extent that they are associated with each operational
test.
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Thefirst APTS program objective, as stated in Section 2.1.1, focuses on enhancing the
quality of on-street service to riders in terms of safety, security, convenience, ease of travel, and
travel time. These concerns fall largely under the categories of APTS functional characteristics,
transit service efficiency and effectiveness, user acceptance, and impacts as discussed above.
Examples of corresponding measures appear in Exhibit 7.

The second APTS program objective is to improve system productivity and job
satisfaction.  Anticipated system productivity improvements might result from reductionsin
system costs; better schedule adherence; quick and effective responses to incidents and vehicle
and facility failures; and information management systems to provide reliable and accurate
operating datain atimely manner. Job satisfaction pertains directly to another group of potential
APTS beneficiaries; that is, the employees, such as drivers, dispatchers, and data analysts. An
APTS application may lead to a change in the day-to-day activities of such employees and may,
in turn, lead to reductions in worker stress and increases in job satisfaction. Examples of
measures to eval uate the association of each test with this objective are given in Exhibit 7.

The third APTS program objective centers around the contribution of public
transportation to larger societal issues and community goals. These issues and goalsrelate to
such elements as special mobility needs, traffic congestion, air quality, energy, privacy, equity,
and other concerns. Appropriate measures to assess this APTS objective are mainly included
in Exhibit 7 under the categories of user acceptance, effectiveness, and impacts.

As discussed in Section 2.1. 1., the fourth APTS program objective is a somewhat
broader objective than the other three and consequently, the above measures will not be used to
measure its level of achievement in each test. However, as mentioned in Section 2.1. 1., to
expand the knowledge base, results of tests will be disseminated in journals, conference
proceedings, electronic bulletin boards, technical meetings, and seminars,

Each category of measures includes criteria associated with various aspects of APTS
applications ranging from their costs and functional characteristics to their association with
overall transit system efficiency and effectiveness and other broader societal issues, such as air
quality, energy, and special mobility needs. The results of each evaluation will be widely
disseminated as discussed in Chapter 2, so that professionals have access to the knowledge they
need regarding the actual performance of APTS technologies and the use of the analytical
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techniques employed in the analyses. The availability of such knowledge will lead to the design
of improved APTS applications, in the conduct of more thorough evaluations, and the utilization

of enhanced evauation analysis tools.

3.2.1.6 Other Objectives and Measures

The six categories of measuresin Exhibit 7 are also useful in the selection of measures
for other operational test objectives. As pointed out in Section 2.1.2, there will likely be state
or local objectives in addition to the APTS program objectives.For example, a state objective
might be to reduce the amount of financial operating assistance needed. This would imply that
either operating costs must decrease or operating revenues (e.g., fares) must increase. Measures
associated with this objective relate to system efficiency and effectiveness.  Another example
might be adesire to revitalize the central business district. Measures for this objective would
fall under the area of economic concernsin the impacts category.

3.2.2 Data Collection/Derivation Techniques

Once the relevant measures for project evauation have been determined, it is necessary
to identify appropriate collection or derivation techniques. Collected measures can be obtained
through the following four basic methods:

(1) By measurements, using various instruments, such as stopwatches, odometers,
speedometers, and lap-top computers. The accuracy of the recorded data is a function
of the accuracy of the measuring instrument itself. Typical measurements include
travel times and vehicle velocities.

(2) By counts or observations involving tallies either from discrete digitized recording
equipment, lap-top computers, or manual counts. Typical counts would be numbers
of passengers in vehicles.

(3) By surveysor interviews which provide information relative to the individual being
questioned, said information to include such items as origin, destination, income level,
previous travel modes, observations of how the service is functioning, and attitudes
towards transit amenities.

(4) By searching records such as those available through the transit system, local sponsor,
and other local planning agencies and Census records.
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Derived measures can be calculated either through the use of simple arithmetic processes or
specia analytic models. This form of measures builds upon basic data collected through some
of the above means. An illustration of a simple derived measure might be dividing passengers
per day by vehicle miles per day to obtain passengers per vehicle mile. Examples of the latter
type of derived measures resulting from analytic models might be the use of a time-delay curve
to estimate vehicle speeds or the calculation of reductions in fuel consumption and air pollution
based on amodel using changesin traffic volumes as input.

In view of the large number and variety of measures in Exhibit 7 and the even larger
number which are likely to arise during the course of the APTS Program, it would be very
difficult to specify in these guidelines a preferred method of data collection for each measure.
Moreover, it would be inappropriate to attempt to choose a set of “best” methods from among
the techniques already tried; rather, it is desirable to encourage the continual development and
implementation of novel techniques with potential for increasing the efficiency or accuracy of
evaduations. Finaly, there is really no requirement for uniformity among data collection
techniques, but rather there is a need for consistency and comparability of the data obtained by
these collection techniques. The techniques can differ from project to project, aslong as they
are comparable in terms of accuracy and yield datain aform suitable for analysis both within
the project and among projects.

For the above reasons, it is not the intent here to prescribe a standardized approach to
data collection. However, it isappropriate to discuss the potentia applicability of some of the
specific techniques, drawing where possible from previous experience.

Exhibit 8 illustrates the range of techniques employed for selected measures in past
transportation projects.® Specific comments on these techniques and general recommendations
applicable to collecting the measures follow:

(1) Travel time, speed, and vehicle volume data collection techniques can range from manual
to automatic. In general, automatic techniques are effective only where the magnitude
of data requirements or some other specia circumstances warrant their use. Some of the
more sophisticated automatic procedures are subject to reliability problems. Failure of

[5] For further details on collecting transit data, see ““Review of Data Collection Techniques,” prepared by
Booz-Allen & Hamilton, Inc. for FTA, March 1985.
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EXHIBIT 8. EXAMPLES OF DATA COLLECTION TECHNIQUES
FOR SELECTED MEASURES

Travel times for transit vehicles:
- On-board checkers or on-street checker with stop watches or lap-top computers
- Time referenced equipment connected to bus

Speeds for transit vehicles and autos:
- On-street checkers with radar units or other equipment
- Test vehicle with use of odometer, clock, and other equipment
- Real-time surveillance system with image processing capabilities

Counting auto occupants:
- On-street counts recorded on paper, counters, or lap-top computers

Counting transit vehicle passengers:
- On-board checkers or on-street counts recorded on paper, counters, or lap-top computers
- Bus drivers recording passenger load
- Automatic Passenger Counters

Travel times for autos:

- On-street checkers at selected locations recording license plates and times; calculation of elapsed
time by matching plates; possibly in conjunction with video camera and image processing
technology

- Time lapse aerial photographs or video

- Floating car with observersto record travel time and stopped time delay using stop watches or
other equipment

Counting of transit vehicles and autos:
- Permanent or temporary tube counters or loop detector in lanes or zones of interest
Visual countsrecorded by persons
Tie lapse aeria photographs or video
Redl-time surveillance system with image processing capabilities
Electronic detectors

Demographic/behavioral/attitudinal data on users/non-users/operators:

- Post cards distributed to auto drivers at exit ramps, to boarding and on-board passengers, and at
park-n-ridefacilities

- Forms, usualy no longer than one page, distributed and returned by mail or collected on buses

- Sampling of autos by noting license plates and subsequent identification through Department of
Motor Vehiclesfiles; possibly with video camera and image processing technology

- Interview conducted either at home, work, or within the transit system itself (on board, at
stations, etc.) or with transit or local officials
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these devices can cause loss of vital data, which will in turn delay the evaluation, and
considerably increase costs. In addition, the measurement accuracy of automatic or semi-
automatic devices may be questionable, particularly if they have not been used
extensively before.  In cases where definitive information on devise accuracy is not
available, it is essentia to confirm the accuracy of automatically collected data by
periodic use of manual devices.

Simple manual devices can be deployed so as to maximize utilization of roadside
personnel.  For example, in one project, the use of special counters by each observer
permitted keeping track of the auto occupancy of each vehicle counted, with the result
that two measures were obtained at once. In other projects, special manual devices were
used to obtain vehicle counts and occupancy data simultaneously.

Past experience has shown that there is a lack of consistency between passenger counts
recorded by transit personnel and counts by on-board or roadside observers.  For
instance, in one project, it was found that bus drivers tend to overestimate the passenger
load and that on-board and on-street counters tend, on the average, to be consistent with
each other. [f transit personnel are to record such data, it is essential that verifications
be made during the project to detect any potential bias or unusual variability in this data.

(3) In utilizing transit system records and service area records, such as census data, it is

critical to ascertain accuracy of these data. Usualy, discussions with personnel who
initially record these data will provide an assessment of accuracy. Further, where special
data are collected for the project by a local organization, monitoring procedures will be
established to assure that no modifications in procedures or notations have occurred
which might have an impact on the evaluation process.

Demographic, behavioral, and attitudinal data on users and non-users of the services
provided as part of the operational test, as well as attitudinal information from transit
operators, can be collected through awide variety of survey and interview techniques,
with varying degrees of respondent cooperation, accuracy, and cost. In view of the large
amount of documented survey experience relating to both transportation and general
market research contexts, and in view of the large anticipated role of surveysin APTS
evaluations, Appendix A has been devoted to a discussion of survey design and
execution.

In evaluating the array of existing and potentially innovative collection techniques relative

to a particular measure, some of which are included in Exhibit 8 as examples, the contractor

should consider factors such as the cost and accuracy of each method, the availability of local

resources to implement each method, the ease of implementation, and the ultimate data analysis
requirements.
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With respect to cost, the contractor should apply sound judgment in determining whether
the anticipated cost of using a particular techniqueisjustifiable in terms of the contribution to
the overall project evaluation of the specific measure being collected. Clearly, the total project
expenditure for data collection should be alocated among individual measures, taking into
account each measure’'s contribution to the project evaluation. The contractor should make
specia note of any data item which is relevant to the evaluation but whose collection cost
appearsto be disproportionately highin relation to other items.

The contractor should determine whether the accuracy of a particular technique is
consistent with the accuracy requirement for the measure, which in turn is dependent on the
relative importance of the measure. A very accurate technique is probably not warranted for a
relatively insignificant measure, especialy if that technique would be expensive to implement.
In addition, a high degree of accuracy for some measures may be inconsistent with a lesser
degree of accuracy for others. The contractor should also evaluate alternative techniquesin light
of the availablelocal resources - labor resources as well as equipment.  An attempt should be
made to utilize existing equipment or rental equipment arrangements wherever feasible, rather
than opting for techniques which require the purchase of new equipment (which might not be
needed by thelocality after the APTS evaluation).

The contractor’s Evaluation Plan should contain justification for selecting the particular
technique applicable to each measure in terms of these considerations. In the case of a novel
technique, it is required that the contractor demonstrate acceptable accuracy before it can be
used as the sole source for data collection. It is further required that the evaluation contractor
document his experience with those data collection methods employed in an evaluation, as
explained below in Chapter 1V. Asthis further experience develops, the Volpe Center will make
this information available via updates to this Guidelines document.

3.3PLANNING CONSIDERATIONSRELATIVETO DATA COLLECTION AND ANALYSIS

The preceding section contained guidelines rel ative to specifying appropriate measures
and collection/derivation techniques for addressing APTS Program objectives and other project
objectives and issues. This section completes the discussion of evaluation planning activities
with general guidelines for data collection and analysis procedures. The material in this section,
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while intended to be applied to individual measures selected for inclusion in the evauation, is
presented in a general context. The following topics are included: basic data collection/analysis
design, measure stratification, sampling requirements, and the timing of data collection.

3.3.1 Basic Data Collection/Analysis Design

A significant aspect of the evaluation process for APTS operationa tests is determining
the basic data collection and analysis design to be employed relative to specific project
objectives. There are a great variety of potentia design approaches, ranging from an
“after-only” design (a one-shot case study approach involving a single set of measurements taken
after the project is operational) to a “before-after with control group” design (involving a
comparison of multiple measurements). A General Accounting Office (1991) Report entitled,
“Design Evaluations, " presents guidelines with the use of a“decision tree” to assist in the
selection of an evaluation design including case studies, cross-section or panel surveys,
comparative group analyses, or a before and after study. A comprehensive discussion of the
specific utility and the relative pros and cons of the various design approaches can befoundin
Donald T. Campbell and Julian C. Stanley, Experi ; |
Research, 1968, and L. Mohr, meact_AnaL)ﬂs_fQLEmgLam_ExLaluaLmn 1988. Themformanon
which follows is intended to discuss the relative advantages of various approaches in the context
of the APTS program and to highlight the magjor considerations involved in selecting the
appropriate design for each APTS evaluation, or for individual measures included in the
evaluations.

In genera, a single set of measurements (for example, taken while the test is in
operation) will be insufficient for assessing the impact of the test, since it will not provide any
yardstick with which to interpret the measurements. It is recommended, therefore, that every
data collection/analysis program be structured around some form of comparison. If such an
approach is for some reason infeasible, the contractor must indicate the reason(s) in the
Evduation Plan.

Given that the basic data collection/analysis design will generally be in the form of a
comparison of multiple measurements, the next question to be considered is what types of
comparison are appropriate.  The two main forms of comparison are before vs. after and test
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vs. control. In a before-after comparison, a given measure is collected on a given system
element before the experimental or exemplary operational test technique isinstituted and then
again while the technique is operational.® In a test-control comparison, a given measure is

collected on a system element which has been affected by the introduction of a technique (test
unit) and also on an equivalent system element which has not been similarly treated (control

unit). Each type of comparison is somewhat limited: the before-after comparison failsto show
what portion of the change in the measure is due to external factors; the test-control comparison
shows the difference between “after” measures and hence accounts for external factors, but fails
to indicate the degree of change from the before state to the after state.  Accordingly, it is
desirable, where feasible, to conduct a before-after comparison in conjunction with a test-
control comparison.  In other words, the data design should, if possible, involve
collection/analysis observation of both a control and test unit before and after the institution of
the APTS application.

To make the foregoing discussion more concrete, consider a large area with many bus
routes and suppose that a certain fraction of them are treated in some manner (i.e., an APTS
application is implemented which can be expected to reduce bus travel time). |If pre-application
and post-application measures of travel time are made only on the treated routes and a reduction
in time is indicated, there is no way of knowing the extent to which the improvement is
attributable to external factors (for instance, a decrease in auto traffic on the streets where the
buses operate). In order to account for, in a quantitative fashion, these known or unknown
factors which have arisen during the interval between the before and after measurements, it is
necessary to make before and after measurements of bus travel time on routes which are
comparable to the test routes and therefore susceptible to the same set of external factors. The
difference between the travel time reduction on the test vs. control routes can then be taken as
the true change due to the application. To make these statements, it is necessary to be fairly

6] As is discussed below, a before-after comparison does not necessarily imply a single measurement before
the operational test is implemented and another measurement while it is operation. Rather, this type of
comparison can take the form of a series of measurements prior to, during, and after the operational phase
of the operational test. If the project is implemented in stages, there will be a series of measurements
corresponding to each stage.
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confident that conditions affecting both control and experimental units are reasonably similar --
arequirement which is sometimes difficult, if not impossible, to assure.

To reiterate, the proper use of the combined before-after/test-control approach guarantees
to the greatest extent that any observed improvement is indeed due to an operational test
application. Thus, the contractor should employ both types of comparisons wherever appropriate
and feasible. The determination of appropriateness of the combined approach involves a
consideration of the time span of the operational test.

Regarding the scope of the project, the larger the geographic area encompassed by or
affected by the project, the greater the possibility that no control units can be identified (i.e.,
the entire population is composed of test units).

Regarding the time span of the project, no generalizations can be made since tests will
vary in length depending on a variety of factors. Asageneral rule-of-thumb, the desirability
of the combined before-after/test-control approach increases with the time span of the project,
since this approach reveals internal as well as external changes occurring over the project’s
duration. The determination of feasibility of the combined approach involves questions of data
availability and project timing. If there is a known deficiency in either type of comparison, then
only the valid comparison should be employed:; it is generally better to do without a before
observation or a control observation than to settle for unsuitable before or control data. Inthe
event that only one type of comparison is feasible, there are alternative techniques and
precautionary measures available to the contractor to compensate for the absence of the other
type of comparison.

If no control group exists (e.g., if the operational test affects the entire population of
observation units, making each one a test-unit) or if no suitable group can be found (each test
unit is unique), then the contractor should be especially observant throughout the evaluation
period of possible external factors which might influence the interpretation of project results.
Any dtatistics regarding the before vs. after change due to the applied technique should be
examined very carefully in the context of these. observed external factors, and any conclusions
based on such statistics should be qualified accordingly.

If, due to project timing, there is no opportunity to perform before measurements, or if
it is known beforehand that the units to be observed will undergo considerable change between

41



the before and after periods, the contractor should attempt to obtain surrogate data for the
before period. Possible sources of surrogate data would include: (1) surveys conducted after the
test is operational which question people about conditions or their behavior prior to the
implementation of the technique; and (2) demographic and travel data collected by the local
highway department, planning agency, or transit operator some time prior to the operational test.

The surrogate data can be used to provide some indication of the magnitude of the before-after
change experienced by the test and control groups.

In using the before-after and/or test-control approach, one of the key stepsis identifying
comparable units. To as great an extent as possible, the units observed for the before case must
be equivaent to the units observed for the after units. Returning to the previous example of bus
routes, before-after comparability is not a difficult problem, since the same routes can be
observed for both time periods. The only note of caution is that the routes should be unchanged
(with respect to length, number and location of stops, etc.) from one measurement period to the
next.

Test-control comparability, on the other hand, raises some interesting problems.
Theoreticaly, the test and control units should be as nearly alike as possible to rule out any
chance of the observed change being a result of something other than the operational test
application. Test and control units should be chosen which are similar in terms of variables
assumed to be related to the particular measure. Again, using the example of bus routes and the
measure travel time, matching of test and control routes could be done on the basis of such
descriptors as route length, total trips along the route, peak headway, and average speed. The
Volpe Center’s Evaluation Strategy will generally suggest the basic data collection/analysis
design to be employed for each project as a whole or for particular measures (e.g., before-after
comparison, test-control comparison, both types of comparison, or a single set of measurements.
The contractor should determine the feasibility of such suggestions in terms of the data
availability and time frame of the particular project and site. The contractor’s Evaluation Plan
should then elaborate on the approach finally selected for each measure, indicating information
such as the specific units chosen for the control and test groups.
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3.3.2 Measure Stratification

Measure stratification refers to the categorization of individual measures for

collection/derivation and/or analysis purposes. Examples of measure stratification are:

(1) peak versus off-peak time periods,

(2) day of the week,

(3) revenue (in-service) versus non-revenue service,

(4) waiting, access, transfer and in-vehicle travel times, and

(5) fixed route versus demand responsive.
Measure stratification improves the quality of the evaluation by allowing an assessment of how
changes in measures relate to the stratification categories, hence facilitating the formulation of
more specific fmdings and conclusions.

Whereas collection of an unstratified measure provides only asingle, average reference
point, the use of a stratified measure provides a series of reference points, each of which may
be significant to the analysis and interpretation of results. Knowledge of inter-category
differences in results enhances transferability; for instance, if a particular operational test proves
to be especially beneficia in congested areas but of limited value in sparsely traveled areas, then
other sites considering implementation of the service will know to focus their efforts in
congested areas.

Stratification can take the following forms:

(1) categorization of a measure into additive components (e.g., measuring person trip time
in terms of trip components such as accesstime, line-haul time);

(2) categorization of a measure, and possibly its components, according to target market,
operational, geographic, or time categories (e.g., measuring trip time for peak and
off-peak periods); and

(3) grouping of raw values of a measure into class intervals, with class intervals determined
either before or after data collection (e.g., determining the distribution of early, late, and
on-time arrivals).

It is not possible apriori to present a standardized approach to be used for each measure.
Clearly, the appropriate type and level of stratification depend on the particular measure and on
the characteristics of the site and project. However, in order to provide the contractor with
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some guidance in this area, examples of possible types and levels of stratification are presented
below.

3.3.2.1 Categorization of a Measure Into Additive Components

Thisform of stratification involves collecting and reporting data separately for specific
components, or sub-breakdowns, of ameasure. The purpose of categorizing in this manner is
to single out the effect of an APTS application on these specific components. Examples of this
form of stratification are available for measures relating to travel time, reliability, and
productivity.

Person transit trip time for fixed route systems can be broken into segments as depicted
inthefollowing diagram:

Origin Destination
el B N e B B e N B e B Sy —a
—— t ———|———t2 ———|———t3 --——|———t4 ———|———t5 ---|---t6- -

where:

Segment A = Access time
Segment W = Waiting time for first vehicle or for subsequent transfer
Segment T = In-vehicletransit time
Segment E = Egresstime
= Time for ith trip segment

If further amplification is desired, access time and egress time can be subdivided into
walking, riding, and other portions; or in-vehicle transit time can be subdivided into collection,
line-haul, and distribution phases.

In the case of demand-responsive systems, some of the trip time components might take
on adifferent definition: for example, access time would be zero, and waiting time would refer
to the difference between the caller’ s requested time of pick up and the arrival time of the
vehicleat theorigin. In cases where the caller istold that pick up can only be made later than
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the requested time,” wait time can be further divided into the time between the requested pick-up
time and the promised pick-up time, and the time between the promised pick-up time and the
arrival time of the vehicle at the origin.  Thislatter travel time component, is, initself, abasic
transit system reliability measure in the category of effectiveness measures summarized in
Exhibit 7. In-vehicle transit time, if desired, can be divided into the direct routing travel time
(the time between the person’s origin and destination if no other pick-ups or drop-offs are made)
and the detour travel time (the time spent detouring to make other pick-ups and drop-offs).
Transit vehicle time is always to be broken into in-service time and non-service time.
However, if desired, these two prime categories can be further divided as indicated below.

For fixed route systems:
In-service
In motion
Loading
Non-productive -- waiting for lights, metering, or other obstaclesto motion

Non-service
Garage to first service point
Last service point to garage
Dead turnaround time
Deadhead time
Other

For demand responsive systems:
In-service
In motion with one or more passengers onboard
In motion with no passengers onboard and in the act of picking up one or more
passengers
Loading

Non-service
Garageto first pick-up point
Last drop-off point to garage
Between first pick-up point and last drop-off point with no passengers onboard and
not in the act of picking up one or more passengers

[7] Due to the potential ambiguity associated with requests for immediate service, the contractor should note
how the particular transit operator maintains data on requested and promised pick-up times.
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These time segments are depicted in the following diagram:

A B C D E F G H I
[ [ P - ——m—————— P [ L [ P T L e .
I--h -ty --l--1 —-I——t4——l——t5 ——I——t6 --I-—t7--l--t8--l
where;

Point A = Garage
B = First pick-up point
C = Drop-off point --  no passengers on vehicle but driver isinstructed to proceed
immediately to pick up apassenger

D = Pick-up point

E = Drop-off point --  no passengers on vehicle and there are no requests for
immediate pick-up; driver isinstructed to proceed to central
waiting point

F = Point enroute to central waiting point-- driver isinstructed to proceed immediately
to pick up a passenger

G = Pick-up point
H = Last drop-off point of day
| = Garage

Note that in segments BC and GH pick-ups and drop-offs are being made and at |east one

passenger is always onboard  Also, all pick-up and drop-off pointsinclude time spent
waiting for riders to board and deboard vehicles.

In-service time = t2+t3+t4+t6+t7

Non-service time = t; +t; + tg
For operating costs of APTS operational tests, it has been decided that the aggregation

of cost items should be consistent with FTA Section 15 expense categories. Exhibit 9isa
matrix showing the distribution of expense object classes into functional areas under Section 15.

46



EXHIBIT 9.
FTA/SECTION 15 WORKSHEET FOR FUNCTIONAL DISTRIBUTION OF
EXPENSE OBJECT CLASSES/LEVEL B

FUNCTIONS FOR DISTRIBUTING EXPENSE OBJECT CLASSES

& Maint. - R
Repairs - R
Repairs - R:

ing of Trans. O)

I
"

<
A

100 - Maint. - Veh. Movement Control System
145 -- Pretiminary Transit System Development

130 — Vandalism Repawrs ~- B, G & E
150 - Ticketing & Fare Collection
160 ~ General Administration

EXPENSE OBJECT CLASSES

010 ~ Admin, of Transportation Operations
118 — Maint. - Fare Collection & Cntng. Equip.

080 - Sesvicing & Fus! for Service Vehicles
090 — Inspection & Maint. - Service Vehicles
140 ~ Oper. & Maint. of Elec. Power Facilities

030 — Revenus Vehicle Operstion

040 — Maintenance Administration
050 - Servicing Revenue Vehicles

120 - Maint. - Other B, G E

170 -- Marketing

020 -
060 - 1
062
070 - V.

501. LABOR:
01.  Operators’ Salaries & Wages.

180 - General Function

x|
x|x

*|IX
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x| x
x
xXix
x|
x
x
x
x
x
x
x
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x
>
xX|xX

02. OtherSalaries& Wages. ... ............oovnvine.n.

502. FRINGE BENEFITS:
15. FringeBenefits Distribution ... ..................... X X X X X X X X X X X X X X X X X X X

§03. SERVICES:
01, ManagementService Fees . . .. ...................... X! X X X{x !x

D2, AdvertisingFees ... ..........ccvviuvninanennnnnnn

03. Professional and Technical Services.

x
x|
XKIX X I >

04, Temporsry Help . .. .....oviiveenniinnann.. .

x{x
x
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x
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06.  Contract Maintenance Services.

06. Custodial Services . .. .........c0ovinineeennnn.an. X

07. SecurityServices. .. ........iiieirriiieanniaaan X

99, OtherServices. ..............ovveiunineeennnnnn.

504. MATERIALS AND SUPFLIES CONSUMED:
01. Fueland Lubricants. . .............c.oveenvenon.. X

X
02, TiresandTubes. .. ... ...ovvuiiiinnanne vounnnnn X X
X

505. UTILITIES:
01, PropulsionPower . ..........ciiiiiennnnnnn.. X

02. Utilities Other Than PropuisionPower. . ... ... .......... X

506. CASUALTY AND LIABILITY COSTS:
Q1. Premiums for Physical Damage Insurance. . . .. ...........

Edb.d

02. Recoveries of Physical Damage Losses. . ... .............

03. PremiumsforPL&PDIinsurance ... .................

Q4. Payouts for Uninsured P L & P D Settlements. .. ..........

05. Provision for Uninsured P L &P D Settlements. . .. ........

06. Payoutsfor Insured PL&P O Settlements. . . ............

@7, Recoveriesof PL&APD Settlements. .. ... .............

08. Premiums for Other Corporate Insurances . . .............

09. OtherCorporate Losses .. ............0vivvnn,onnn

b ol bl 23 P g 2l g >

10, Recoveries of Other Corporate Losses. .. ...............

507. TAXES:
01, Federaflncome Tax. .. ...........................

02,  State Income Tax

03, Property TaX . ... viiineennn i,

04. Vehicle Licensing & Registration Fees. . ... ............. X

3¢ | < | ¢ | ¢

05, Fueland Lubricant Taxes. .. ......coovvenennnnannns X X

08. ElectricPower Taxes .., . .......coinviunennen,.nn X

99, OtherTaxes............... ..

508. PURCHASED TRANSPORTATION SERVICE:
01. Purchased Transportation Service. . . . .................
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Because of possible differencesin current internal accounting practices, it is essential that
any techniques for disaggregation and all ocation of costs be described in the Evaluation Plan.
In addition, because of different funding mechanisms, it is important to review in depth
individual transit authority practices. It is aso recognized that the reporting of operating costs
should be carried out using a consistent time frame for reporting periods.

3.3.2.2 Categorization of a Measure According to Target Market, Operational, Geographic,
or Time Categories

The primary purpose of this form of stratification is to evaluate the effect of APTS
applications in different contexts. Asin the case of categorization into additive components, this
form of stratification involves collecting and reporting measures separately for each category.
Examples are as follows:

Target Market:
Trip purpose -- work/non-work

User group -- commuters/non-commuters
Mode -- auto/transit/other

Operationd:
Type of trangit service -- express/local; fixed route/demand responsive
Direction of traffic flow -- inbound/outbound
Type of thoroughfare -- freeway/arterial

Geographic:
Within/outside central business district
Zones with different demographic characteristics

Time:

peak/off-peak

weekday/week-end

Finer stratification in the above examplesis also possible. For instance, within the target
market category, the trip purpose “non-work” can be divided into medical, social, recreational,
etc.; non-commuter can be stratified into elderly, disabled (ambulatory and non-ambulatory)
unemployed, etc. ; and mode can be divided into solo driver auto, carpool auto, chauffeured
auto, and specific local transit service options.  Types of bus service can be divided into local
feeder, local line-haul, and express line-haul, and further divided into individua routes, and
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beyond that into route segments. Time of day can be refined into the four Section 15 categories
(A.M. peak, midday, P.M. peak, night) or even further into hour, half-hour, or 15-minute
segments within certain categories.

In general, in some instances it will be desirable to partition collected data into various
target market categories, since most operational tests will probably consist of specific innovations
aimed at particular user groups. The decision as to whether to stratify collected data by
operational and geographic categories depends on the nature of the project and thus will have
to be made on a case-by-case basis. However, it is recommended that serious consideration be
given to using a minimum time of day stratification (peak/off-peak) for every measure, since
many transit system operating characteristics as well as genera traffic conditions vary widely
between peak and off-peak periods. The decision asto stratification of data collection within
the peak period (i.e., morning vs. evening peak) and within the off-peak period (i.e., midday
vs. nighttime) should be made in accordance with the time of APTS service operation throughout
the day and the variability of travel conditions and other relevant factors between the different
categories. It isimportant to note that the peak period may be a changing period depending
upon distance from the CBD and type of transit system.  Other issues regarding data
stratification and analysis are discussed in Section 4.2.

3.3.3 Grouping of Raw Data Into Class Intervals

Measure stratification can aso refer to the grouping of raw data into intervals, with
intervals determined before or after data collection. Whereas the first two forms of stratification
involve collecting and reporting a measure separately for each category (e.g., change in travel
time during peak periods, off-peak periods), this type of grouping produces a frequency
distribution for the particular measure.

Survey data on traveler behavior, characteristics and attitudes is a good example of pre-
collection determination of intervals. For instance, comparisons of users and non-users of an
APTStest can be made using distributions of such measures as age, income, auto availability,
and attitudes toward transit, with the particular response categories of each measure having been
determined beforehand. Appendix A contains recommended response categories for selected
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demographic and travel behavior measures, as well as sample questions and response categories
for selected attitudinal data.

Reliability measures provide examples of intervals that can be determined after data
collection. The difference between scheduled and actual arrival time at an access point would
be collected in its raw form (i.e., each vehicle s time difference in minutes), but would be
reported as a frequency distribution. A suggested minimum stratification of this measureis:

% early

% on time (vehicles arriving within +x or -y minutes of scheduled time)

% late
The contractor should be aware of differences in transit company standards with respect to
schedule adherence, and the potential impact on data collection and analysis procedures.

Vehicle delays due to breakdowns can be grouped according to the following minimum
stratification:

% No delay (delay of 2 minutes or less)

% Delayed

% Total disruption of service
If further detail is desired, the late category under schedule adherence and the delayed category
under vehicle reliability can be divided into categories such as: I-5 minutes delay, 6-10 minutes
delay, over 10 minutes delay.

The basic intent of grouping is to summarize the raw data without masking the real form
of the distribution for a given measure. In addition, the extent of grouping may also depend
upon the specific analyses which are planned.

Interval grouping can be used in conjunction with either of the two forms of stratification
previously discussed. For instance, person trip time can be stratified into components (access
time, etc.), and time period (peak vs. off-peak) can be grouped into 5 or 10 minute intervals to
obtain a frequency distribution.

Aswas stated above, it is not possible in these guidelines to present a standardized
approach to stratification for each measure.  The contractor will therefore have to rely on
judgment and past experience to determine which types of variable stratification are most likely
to enhance the understanding of specific areas of project effectiveness and potential application.
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The contractor should plan data collection activities with the finest stratification which can be
justified as appropriate for the APTS objectives. Since the ultimate sample size will be directly
related to the number of categories employed, the contractor should make sure that the available
sample units are sufficient to support the level of stratification deemed desirable. The Evaluation
Plan developed by the contractor should contain justification for the type(s) and level of
stratification selected, as well as evidence that such stratifications are feasible from the
standpoint of data and sample size availability.

3.3.4 Sampling Requirements

Once the contractor has determined the basic data collection/analysis design for the
project evaluation and the type(s) and level of stratification for each measure, the final question
to be addressed is sampling requirements.

In general, data required from records maintained by the transit operator or other
organizations should be available on a continual basis over the entire lifetime of the experimental
test and such data should not require sampling.  On the other hand, data obtained from
measurements, counts, and surveys will generally not be available on a continual basis but will
have to be collected in the form of samples. There may also be situations where measurements
or counts yield continual data, but sampling is desired in order to reduce data processing
expenses.

When collection of a particular measure involves sampling, an estimate of the minimum
sample size must be made prior to the initiation of the data collection effort. Inestimating
sample size requirements, the objective is to have alarge enough sample to be able to draw valid
inferences about the population from which the sampleisdrawn. As might be expected, the
determination of appropriate sample sizes involves trade-offs between the desired level of
precison and the cost of data collection. These trade-off decisions in turn require a
determination, during the evaluation planning phase, of the appropriate types of analysesto be
performed (e.g., -estimates of population parameters, comparisons between two or more groups
of sampled data).

Appendix B presents specific guidelines relevant to estimating required sample sizes.
Included in the discussion are: (1yeferences to statistics books containing sample size
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equations, (2) recommendations regarding values for the three input factorsin the sample size
equation, and (3) suggestions regarding implementation of the field data collection effort based
on the calculated sample size values. Appendix B aso contains a section on the basic types of
possible statistical analyses, appropriate confidence levels, and desirable reporting formats.

The contractor should follow the guidelinesin Appendix B to develop appropriate sample
sizes for each measure. The Evaluation Plan should contain the sample size values, along with
an explanation of any assumptions or special procedures underlying these values (e.g., equations,
input factor values used).

3.3.5 Timing of Data Collection

For measures based on sampling, another issue to be addressed by the contractor is the
timing of data collection. The exact periods during which measures are collected have a
significant effect on the validity and representativeness of evaluation results, since the operation
and effectiveness of a transportation system are sensitive to various factors associated with time.

Four basic questions arise concerning the timing of data collection:

) The appropriate season(s) of the year and day(s) of the week to include in the sample,
) The appropriate duration of each data collection period,
) The proper timeto initiate data collection, and
4) The appropriateness of “one- shot” vs. periodic monitoring

The particular season(s) and day(s) depend largely on the assumed sensitivity of the
APTS application to each time unit. If it is deemed appropriate to assess the impact of the
APTS application under reasonably normal conditions, data collection should be performed
during the fall and spring, when weather conditions are not severe, schools are in session, and
few people are on vacation. To the extent that the experimental test evaluation involves
measures related to travel patterns and transit usage, the contractor should attempt to schedule
data collection activities during those two seasons which are most representative of normal
conditions. On the other hand, if severe weather conditions or other atypical conditions are an
inherent feature of the site and it is desirable to examine the experimental test under a full range
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of possible conditions, the contractor should schedule data collection throughout the year so the
sample observations include extreme as well as normal conditions.

If a particular transit service operates seven days a week, then the sample of days should
include both weekdays and week-end days (in fact, the data should be stratified by weekday vs.
week-end day to highlight the differences during these two periods). Regarding which day(s)
to includein the weekday sample, similar logic applies asin the case of seasons. If theaimis
to observe the project under typical weekday conditions, then any day(s) with abnormal traffic
patterns should be avoided. In some cities, there is a difference between Monday and/or Friday
conditions vs. Tuesday/Wednesday/Thursday conditions; if thisis known to be the case for a
particular test site, then data collection should be scheduled for the three “typical” days rather
than either of the atypical days. The contractor should consider the specia characteristics of the
operational test and the site in deciding which days are appropriate. If alarge number of days
is going to be involved, and there is no particularly significant distinction among days of the
week, then arandomly selected sample of days would be preferable.

The duration of each data collection period should be determined based on the degree of
day-to-day variability and on the required sample size. If the particular item being measured
IS suspected to vary in behavior from one day to the next, then the data collection period should
include several days; if it has been determined that only Tuesdays, Wednesdays, and Thursdays
can be used, then several weeks may be necessary to achieve the required sample of days.
Moreover, if the sample size required for a particular variable is large, then severa days of data
collection may be appropriate to obtain the minimum sample of observations.

The choice of initiation time for each data collection period is dependent on a number
of considerations, the chief one being that the “ after” data collection not begin until the use of
the APTS application is fully operational and its performance has stabilized. In general, it will
probably take at |east afew months for an APTS application to become fully operational, with
al the “bugs’ worked out, and possible behaviora influences associated with the application are
eliminated. The desire is to achieve a “steady state” for the system after the application has
been implemented. The time to achieve this “steady state” undoubtedly will vary from project
to project. Thus, data collection related to the test should not commence until these adjustments
and modifications are completed. Other factors determining the initiation date for data collection
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are the desire to avoid summer and winter months and the overall schedule of the operational
test.

In most instances, data collection will be performed for discrete phases of the operational
test (i.e., before the project isimplemented, while the project is operational, and possibly after
the project is terminated). Post-operational test data collection would only be performed if there
was a desire to see whether operation of the APTS experiment for alimited period had led to
permanent changes in people' stravel patterns or attitudes. However, if operational test elements
are by nature changing continually or if it is expected that the APTS application will cause
gradual but continual changesin transit performance measures, then a periodic process of data
collection would be more appropriate than merely “before,” “during,” and “after” data
collection. The multitude of data points obtained from a periodic monitoring process will make
possible the examination of functional relationships either among measures of interest or in a
time series. Moreover, monitoring of certain measures during the early months following
introduction of the application(s) may be useful in determining when the effects have stabilized
enough to initiate full-scale data collection. It should be noted that if periodic data collection
is appropriate, then a sequential analysis procedure (similar to control charts) may be useful to
permit reductionsin sampliig requirements.

The contractor’ s Evaluation Plan should indicate the exact timing of data collection for
each measure involving sampling. This information should be presented in a schedule which
also shows the projected implementation dates for the various elements of the project.
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4. GUIDELINES FOR PERFORMING EVALUATION ACTIVITIES

This chapter presents suggestions relative to implementing the evaluation of an APTS
operational test. During the evaluation implementation phase of the evaluation process, data
collection/analysis relating to site characteristics, quantitative measures, and qualitative measures
is undertaken according to the plans and procedures laid out in the Evaluation Plan. In addition,
information is gathered relative to the project’ s operational history and external events which
may have some bearing on the project outcome. Thisinformation is eventually incorporated into
the analysis and interpretation of project results.

Contractor functions during the evaluation implementation phase include monitoring
and/or performance of data collection activities, data reduction and analysis, subjective analysis
of information relative to project issues, and synthesis of project findings into a Final Summary
Evaluation Report. In accordance with these contractor functions, this chapter of the guidelines
IS organized into two sections. (1) monitoring/performance of data collection and (2) data
reduction, analysis, and presentation. The recommended content and organization of the various
contractor reports prepared during this phase are presented in Chapter 5.

During this phase, the contractor must maintain a sensitivity to the relationships among
the organizations involved in the project -- in particular the local sponsor or project team, FTA,
and the Volpe Center (see Chapter 2). The contractor must work closely with these groups at
the appropriate times, while maintaining the role and perspective of an external, objective
organization assessing the impact of the operational test.

4.1 MONITORING/PERFORMANCE OF DATA COLLECTION

Since much of the data required for evaluations will be unavailable from pre-existing data
bases and secondary sources, each operational test will undoubtedly involve significant data
collection efforts. Given the considerable amount of time and money which will be spent on
data collection; careful management and oversight of the data collection process are essential.
Where possible and appropriate, data collection may involve the use of students from local
colleges and universities.
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The contractor is responsible for ensuring that data collection is performed according to
the Volpe Center/FTA-approved Evaluation Plan. There are three potentia alternatives
associated with data collection. One of these occurs when the local sponsor or operator collects
all data (under FTA/APTS and/or local funding), and the contractor acts in a monitoring role
to assure the quality and timeliness of data collected, as well as adherence to procedures laid out
in the Evaluation Plan. A second alternative occurs when the contractor collects the data, and
coordinates the timing and performance of these activities through the local sponsor or operator.
The third possibility is onein which both collect various elements of the data.

In order to monitor and/or perform the data collection activities called for in a given
evaluation, the contractor will need to maintain open channels of communication with the site,
in the form of vidits, telephone and written correspondence with the appropriate local agencies
as well as subscriptions to local newspapers. In the rare instance where day-to-day contact with
the site is necessary, the contractor should arrange to base a member of the firm at the site.

Whether data collection is being performed by the contractor or by the local sponsor, the
contractor must stay closely involved in al phases to make sure the procedures specified in the
Evauation Plan are followed. In cases where the local sponsor or other local agency is
collecting data, the contractor should meet frequently with the agency to discuss progress and
problems, work out solutions to the problems, and observe key phases of field data collection.
In addition, the contractor should occasionally perform independent spot checks, especialy in
the case of measures for which the local agency has limited experience in data collection.

The contractor is expected to inform the Volpe Center of the status of data collection in
its Monthly Evaluation Progress Reports (see Chapter 5 for the recommended content and
organization of thistype of report). Should there be an unacceptable degradation of quality or
timeliness of data collected by the local sponsor, the contractor should notify the Volpe Center
inwriting. The Volpe Center will in turn take steps through the FTA Project Manager to rectify
the situation.

Over and above monitoring data collection activities, the contractor should keep abreast
of the status of the operational test. Thisawareness of project operational statusisimportant
o that: (1) data collection activities can be smoothly coordinated with ongoing project activities
(causing minimum disruption of day-to-day operations), and (2) evaluation results can be
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interpreted in the context of project history. The local sponsor’s quarterly project progress
reports to FTA/Volpe Center (see Chapter 5 for recommended content and organization) will
be a useful source of information on the project’s operational evaluation. However, the
contractor is encouraged to obtain a more detailed account of progress/problems relative to
implementing and operating the APTS test by talking with the local sponsor at the site.

In addition to keeping abreast of project operations, the contractor should be continually
watching at the site for unexpected (external) events which might affect the validity of project
results. In any implemented operational test, no matter how well controlled or planned, the
possibility remains for unexpected events to occur that may have an impact on measures of the
project’ s performance. These unexpected occurrences are classified as threats to the validity of
the operational test.

Unanticipated developments at the site can take the form of temporary events such asa
driver strike or longer-term phenomena such as the closing of a mgjor thoroughfare. The
following are examples of unexpected factors that have been experienced in earlier FTA projects,
along with an indication of the compensatory action taken to counteract the external event:

(1) Changesin employment. There were thousands of unemployed in Sesttle due to the
high number of layoffsin the aerospace industry. (No compensatory action was taken.)

2) Changes in freeway traffic volumes.  Shirley Highway experienced a shift from
arterials to the freeway upon completion of new lanes and sections. Minneapolis on
the other hand, noted a shift to the freeway due to arterial street construction and land
developments within the project. Seattle noted volume shifts on the freeway entrance
and exit ramps where new lanes had been added or preferentia treatment was given to
buses. Seattle also experienced a queuing problem onto the freeway from autos that
were diverted from converted ramps. (An adjustment in queuing sequence was made
where necessary.)

(3) Thenational energy crisis. Minneapolis experienced a drastic change in traffic
volumes from auto to transit during the energy crisis.  Although it cannot be
determined whether the shift in volumes was directly attributable to this factor, the
timing of the initiation of the project during this period may have had some impact on
data interpretation. (Extended routes and an increase in the frequency of service ‘were
the immediate modifications made to facilitate transporting such large number of
people. Also, their marketing campaign was modified -- slowed down in view of the
large numbers.)
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As previously noted, the use of a test-control evaluation design will, in certain cases,
mitigate the impact of these unplanned events on the validity of the project results. For further
information regarding the phenomena that can jeopardize internal and external validity, see
Campbell and Stanley.

The contractor is responsible for informing the Volpe Center of any unplanned
phenomena which arise during the course of the evaluation. The contractor’s Monthly
Evaluation Progress Report should describe the potential effects on validity of any phenomena
noted, as well as propose changes in the project and/or evaluation to compensate for the
unplanned occurrences.

Although data collection should generally proceed according to the Evaluation Plan, there
may be instances where modification to the originally planned proceduresiswarranted. The
previous paragraph indicated that external events at the site might be cause for modifying the
evaluation. Two additional reasons for deviating from the planned approach are discussed
below, namely, operational changes in the project, and availability of improved evaluation
techniques.

Operational changes in the project can come about as a result of contractor
recommendations (transmitted in the Monthly Evaluation Progress Reports) or decisions by FTA
and the local sponsor. Whatever the impetus for these changes in the scope or operation of the
operational test, the evaluation will have to be modified accordingly. The contractor is
responsible for assessing the impact on the evaluation of any forthcoming or proposed
operational changes, and recommending appropriate modifications of the Evaluation Plan to the
Volpe Center.

As new data collection techniques are developed in the course of the APTS program, it
may be appropriate to modify certain aspects of a project’s Evaluation Plan. The contractor will
have to assess, on a case-by-case basis, whether the potential benefits of the new techniques are
sufficient to justify modification to the planned evaluation activities, and then recommend the
appropriate course of action to the Volpe Center.

In order to further the state of the art of transit evaluation, the contractor is responsible
for performing an ongoing assessment of data collection procedures used. The evauation
contractor should maintain close control over data collection procedures used and summarize
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findings with respect to certain techniques reflected by the Volpe Center for further examination.
These findingswill include, as a minimum:

(1) anarrative description of how the collection procedure was planned and implemented,
(2) anindication of areas in which the technique outperformed expectation,
(3) anindication of areasin which the technique was deficient,

(4) some summary of the inherent variability in collecting project measures due to the
technique itself, as opposed to variability due to other operational test factors,

(5) an estimate of the cost of implementing the technique, and

(6) where two techniques have been employed to collect the same basic measures, cross-
comparisons and a recommendation as to which technique should be used in similar
future operational tests.

This information will ultimately be incorporated into an appendix of the Fina Summary
Evaluation Report.

4.2 DATA REDUCTION, ANALYSIS AND PRESENTATION

The contractor isresponsible for performing all data reduction and analysis, regardless
of which agency has collected the data. Data reduction involves the processing of raw data,
either manually or using a computer, to yield statistics such as means, standard deviations,
ratios, ranges, frequency distributions, coefficients of determination, correlation coefficients, F
ratios, “t" statistics, and eladticities. The specific statistic to be calculated and the need to
control for other variables will depend in part on the type of measure and type of comparison
involved. Quantitative measures such as travel time and vehicle passenger counts might be
processed into average values for each level of stratification used. |f acomparison of two time
periods is involved, the percentage change from the earlier to the later period might be
calculated, or two multiple regression equations might be calibrated and their coefficients
compared. Quantitative measures relating to schedule dependability might be summarized into
average values as well as standard deviations, with comparisons calculated as ratios of standard
deviations. Some qualitative measures for example, might be obtained through surveys and
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might be presented to yield frequency distributions for the response categories. It should be
stressed that the level of analytical sophistication and choice of quantitative and qualitative
measures will vary from test to test depending largely on the objectives being eval uated.

Data reduction may involve the use of statistical inference techniques. If the data are
based on a 100% data collection effort (i.e., no sampling), then exact values of the statistics
listed above can be calculated. However, if the data has been obtained by sampling (as will
usually be the case), results cannot be presented as precise values, since there is a certain
probability that the calculated values are different from the true population values. It is
recommended that data based on samples be processed into two-sided confidence intervals using
two confidence levels: a2 =.0l and: =.05. Appendix B presents further guidelines relative
to calculating confidence intervals.

The contractor should arrange for smooth transfer of collected data from the collection site
(e.g., buses, transit company, roadside stations) to the processing site.  Special attention should
be paid to details such as labeling and dating of forms, tapes, etc. to make sure that valuable
dataisnot lost or altered.

The basic data which are collected during an operationa test should be maintained either
on appropriate storage devices (e.g., hard discs, floppy discs). While the raw data may not be
immediately utilized, it should remain with the contractor (or eventually the Vol pe Center) for
potential future uses.

Data analysis involves the interpretation and synthesis of the processed data and other
information to draw conclusions relative to the attainment of project objectives and issues, and
relative to project transferability.  Statistics such as those cited above, which range from the
simple to the complex, are carefully examined and pulled together to obtain a comprehensive,
in-depth understanding of the effects of the operational test, and the underlying reasons for
observed changes. The contractor must apply sound judgment as well as knowledge and
experience relative to transit system operations, traffic operations and travel behavior in order
to interpret the collected data and place it in proper perspective. To the extent possible, the
results of the APTS applications at the site should be supplemented by an assessment of the
influence of site-specific and external factors on project outcome, so that conclusions can be
made regarding the potentia applicability and effects of implementing the operational test in
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other sites across the country.  In order to further enhance project transferability, the
analysis/synthesis phase should provide a compilation of lessons learned regarding the operation
of the test.

The contractor should understand and be aware of the importance that the use of
appropriate statistical techniques can attach to the analysis and interpretation of project results.
In view of the fact that most aspects of an urban transportation system tend to be dynamic and
variable from hour-to-hour, day-to-day, and month-to-month, observed differences could be
attributable only to this inherent variability and not to the APTS applications. Furthermore,
factors other than the planned and controlled innovations could also be directly related to the
observed changes in those measures being collected. It isimportant to note that, while no single
technique exists for removing the potential influence of these external factors, it is possible by
careful analysis, to at least point out the occurrence of such events and create an awareness for
those who review the project’s conclusions and/or recommendations. Hence, it isimportant to
be able to specify whether the observed differencesin, for example, travel time are within
reasonable bounds of expected variability inherent in the given transportation system, or whether
the observed differences cannot be accounted for just by system random variability. If the latter
case were true, taking into consideration the potential external influencing factors, one could
conclude that the application has in fact provided a real change in the measures being
considered. It isto this capability for making valid inferences that the specific statistical
techniques apply.

Presentation of project results in Annual Project Status Summaries, Interim Evaluation
Reports, and Fina Summary Evaluation Reports should be in the form of quantitative and
qualitative exposition, with exhibits such as tables, graphs, and bar charts serving as the focus
for narrative discussion. In no instance should there be an excessive narrative describing all the
elements of an exhibit. Thistendsto be redundant and masks the really important findings.

Chapter 5 provides some guidance relative to overall content and organization for the
aforementioned reports.  With respect to the format for exhibits, creative techniques for
displaying information are encouraged, so long as the information is presented in a clear and
accurate manner. In order to provide the contractor with some indication of the types of exhibits
that are acceptable, some examples are presented on the following pages.
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Exhibits 10-13 are clear and informative. While they do not present detailed information,
they are useful in highlighting the project findings appearing in an executive summary, which
is designed to convey rapidly to the decision-maker the significant conclusions of the project.
Back-up exhibits which contain significantly more detail of simple statistical results, multiple
regression analysis, and benefit-cost analysis should be contained within the body of the
evaluation report or in technical appendices. Exhibits 14-20 fall into this category.

The contractor should perform data reduction and analysis as data are collected, so that
interim results are available throughout the project evaluation. These interim findings will not
only satisfy general curiosity regarding the project’s effects, but will aso provide feedback
information relative to ongoing project operations and evaluation. Examination of preliminary
evaluation results may suggest opportunities for modifying the project and/or evaluation
procedures so as to increase the utility of the operational test. To facilitate inter-project
analyses, contractors will be required to deliver al survey datain an ASCII file format in
machine-readable form.




EXHIBIT 10. SERVICE AREA FOR THE SEATTLE PROJECT

63




EXHIBIT 11.
DISTRIBUTION OF PARK-AND-RIDE USERS FOR THE SEATTLE PROJECT
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EXHIBIT 12. PASSENGER VOLUME FOR THE SEATTLE PROJECT
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EXHIBIT 13. BUS SCHEDULE ADHERENCE FOR
THE MINNEAPOLIS URBAN CORRIDOR PROJECT
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EXHIBIT 14. CORRIDOR DEMOGRAPHIC CHARACTERISTICS FOR
THE SHIRLEY HIGHWAY EXPRESS-BUS-ON-FREEWAY PROJECT

% vITHIN § MILE Lmtn A2 MILLS ﬁ Eﬁ’% ﬁﬂ Lﬁm
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Teul 496,820 100 | 332,%8 ) 23,081 18 | 349,007 30 | 120,087 2
African=Americas 32,37 ? 30,939 [} 5,53 ] 1.036 -3 14,003 12
Nmber Fanilies 367,564 47,332 32,07 4,309 43,364
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Square Miles 352.6 2.4 30.3 9.5 0.1
Ppulation Density per Sq. Kile 3,283 3,120 3,097 3,022 3,988
YEAR MOED INTO HOSING N
19068-2970 73,851 o 24,328 |7 13,382 43 39,068 a3 6,088 4
1963 1947 38,347 2 9,206 H 4,087 2 30,17 23 3,0% 12
1960- 1904 4,137 13 $,8°8 13 4,320 3 7,933 3 6,287 I
1950- 1939 37,922 13 3,3°8 ? 4,201 L 5,17 12 §.172 i
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LTS AVAILABLE
3 24,48 " 25,000 53 34,307 a 32,589 » 17.601 a1
2 0,004 * 34,438 » 30,93 34 2,203 | 23,282 32
3 or soTe 9,080 $ 1,47 4 1,881 ® 3,607 T 2,2°8 s
Tewl (Autos) 3.7 *5,81° BN 30,913 31,530
Aversge (Anos/fanily) .M .22 3.2% 1.33 .24
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MEANS TRANSFOSTATION TO WORK
Draver 347,958 o 43,30 o 27,647 b 48,972 < 3,18) 1
Passenger 30,86 Y] 3, %) )4 6,188 18 5,304 13 7,304 L)
Tow) Avtes 2% BT AL =, 803 AR B L Y
) 21,908 0 6,013 1 $.09 12 4,488 ? 5.5 1n
Milked o work 7.9t N 2,0°0 3 3,304 3 2,07 3 2,42 s
sorhed ot how 3,382 2 ] 1 22 1 1,059 2 0 3
Other 4,307 2 3,082 2 844 2 1,233 2 1,008 2
1I0RX PLACE
D.C.-Contra) Asi=ess District 20,098 ’ $.97) 10 3,97 10 5,920 [ 4,238 s
D.C. Asmsindey 38,219 b7 11.8% 19 .07 19 10,331 3? 3,313 ’»
AT)ingrem 40,324 13 11,509 19 8,044 2 13,368 an 6,533 5]
Virginis feminder 83,842 4] 33,88 1] 13,938 (T 24,024 ®» 24,403 3
Other o8, 24} 13 7,688 13 4,924 1™ 7,032 13 7,837 b}
Tora) 1 9% T~ T T T Y S T Y P D T L ) MR

67



EXHIBIT 15. CHARGE-A-RIDE USAGE BY CARD TYPE
AND TIME PERIOD FOR THE MERRIMACK VALLEY CHARGE-A-RIDE PROGRAM

CARD TYPE

COLUMN %
ROW %

COLUMN %
ROW %

ELDERLY
COLUMN %

ROW %

STUDENT
COLUMN %
ROW %

TOTAL
ROW %

MIDDAY
650

65

17

118
12

13
19
20
3
29

03
19

18

68

PM PEAK
1,430
76
37
331
17
36
105
19
26
17

1,892
35

'TOTAL

3,841
70

921
17

539
10

151
03

5,452



EXHIBIT 16.
COMPARISON OF FARE PAYMENT TIMES USING DIFFERENT METHODS

PAYMENT TYPE MEAN STANDARD  NO.OF  COMPARATIVE
TIME (Sccs) DEVIATION OBSERVS. DIFFERENCE!
CHARGE-A-RIDE
AUTOMATED 6.80 3.30 131 -
MANUAL 10.34 5.58 72 SLOWER
EXACT FARE CASH
READY TO PAY 6.18 4.02 23 NONE
NOT READY 7.09 5.46 37 NONE
BOTH 6.74 4.98 60 NONE
\Y N
PASS PRESENTED 12.57 5.61 21 SLOWER
DOLLAR BILL 11.70 2.24 20 SLOWER
INCORRECT COINS 13.64 5.34 30 SLOWER
ANY COMB. OF 12.86 447 50 SLOWER
BILLS OR COINS
N-RI 57 5.80 46 FASTER

1 REFERS TO DIFFERENCE OF MEAN OF METHOD COMPARED TO AUTOMATED
CHARGE-A-RIDE. THE FARE PAYMENT METHODS ARE COMPARED TO AUTOMATED
CHARGE-A-RIDE USING A SIMPLE T-TEST OF DIFFERENCE BETWEEN THE MEAN TIMES.
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EXHIBIT 17.
PROJECT EFFECTIVENESS MEASURES FOR THE SEATTLE PROJECT

M BASE PR DAILY

Express Pass/ Rev/ Cost/ Pass/ Rev/ Cost/  Pass/ Rev/ Cost/ Pass/ Rev/ Cost/
Routes Mile Pass Pass Mile Pass Pass Mile Pags  Pass Mile Pass  Pass
] 2.32 30.32 30.60 1.77  30.32 30.35 3.18 $0.0 $0.46 2.22  $0.31 s0.44
7 (15th) 2.7 0.33 0.46 .84 0. 0.25 LM 0.23 0.44 2.9¢ 0.1 0.3
7 (Lake City) 5.3 0.0 0.2 2.4 0. 0.28 1.87  0.29 0.74 2.1 0.29 0.0
7 (view Ridge) 2.44 0.23 0.5) 2.92 0.29 0.26 1.74 0.28 0.67 2.41 0.29 0.42
16 3.6} 0.29 0.31 oo .- .- 2.71 0.29 0.48 2.45 0.29 D.4¢
-1 3.8 0.29 0.7 2.75 0.27 0.26 S5.09 0.27 0.2% 3.5 0.28 0.2
22° 2.37 0,29 0.63 3.08 0.28 0.227 5.01 0.2 0.38 3.33 0.28 0.3
41° 2.35 0.35 0.48 0.82 0. 0.6S 2.29 0.2 0.58 1.3 0. 0.8?

2.82 30.31 $0.46 2.07 30.3 30.32 2.88 30.31 $0.49 .44 30.0 $0.4
Loca) Routes
s 4.03 30.29 30.3% 4,06 30.29 $0.18 3.82 $0.29 $0.%7 4.00 $0.29 $0.26
b Addd 2.12 0.29 0.62 §.8%0 0.28 0.4 5.96 0.29 0.26 4.78 0.28 0.22
16 2.56 0.29 0.52 2.90 0.0 0.4 3.37 0.0 0.41 2.9 0,29 0.23
ge* 3.8 0.28 0.38 1.68 0.28 0.41 2.4 0.28 0.54 2.44 0.28 0.43
22¢° 2.44 0.28 0.65 3.0 0.26 0.2% 2.07 0.27 0.73 .72 0.27 0.9

2.95 $0.29 $0.47 3.85 30.28 $0.19 3.91 $0.29 $0.38 3.65 $0.2%9 30.29
Control Routes
6 4,49 30.30 $0.)1 .12 30.3) %0.21 2.89 30.32 $0.4] 3.33 3$0.32 30.29
4] 3.%2 0.28 0.40° 1.06 0.1 0.61 2.0 0.3 0.67 1.89 0.3  0.53
26 3.91 0.29 0.3 .25 0.3 0.3 2.7 0.3 0.58 2.70 0.0 0.3

3,90 30.29 $0.37 2.04 30.2 0.3 2.50 $0.31 $0.54 2.56 $0.31 30.)
ALL ROUTES
COMBINED 3.03 $0.30 30.4¢ 2.56¢ 30.29 30.27 3.04 30.30 30.46 2.78 30.0 30.X§

*g/22/41 BS 2.59 30.32 30.48 1.726 30.29 30.%% 3.3 $0.31 $0.8) 2.31 30.31 $0.82
veg8/22/41 L 3.34 30.28 30.45 2.25 $0.27 30.32 2.5 $0.28 $0.60 2.5 30.28 30.&2

***COMBIKRED 77 LOCALS
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EXHIBIT 18. HIGHWAY TRAVEL TIME DISTRIBUTIONS FOR
THE MINNEAPOLIS URBAN CORRIDOR PROJECT

Mean Mean Trovel 1 Toovel Comparison of Sample
Link Trovel Time Speed Tume Tima Stndard
{min) (mph) Compairon Variance Devistion Sue
Friom = Te PHY PM2 PHD PHY  PH2Z PH3 %; %: PHI  PH2Z PH3 :%; :%; PHY PH2 M3
Wh-35WMerge | 170 372 146 s 3 4 NS NS 124 328 069 S S |wo 10 209
35WMerge - Loke | 0.75 037 051 52 & S NS 0.07 017 0.09 $ s |wo 110 210
Loke - 42nd 181 236 200 | 50 3 &3 3 s 0.77 182 1.06 $ S |wo wo 210
42nd . SOth 140 169 150 | €3 36 40 H s 052 118 0.4 $ s |wo 110 2
50th - 60th 165 158 161 ] 4y 43 a2 NS NS 154 088 0.M S S |wo 1w 215
60h - RR .02 102 108 48 [y a2 NS 1 005 008 0.08 NS NS W 1% 218
RA . E5th 139 143 145 | 51 s0 a9 NS NS 0.02 003 0.0% S S jwy 1 2w
661h - 901 330 436 3 | S3 e 3 s H 134 W53 012 S s w3 1w 217
S01h « 98th 170 233 WS | 23 20 N s H 129 609 038 s S WS 18 207
98th - River 200 262 198 | 53 & s H H 054 203 044 $ S [0 ¢ 28
River . TH 132 - 208 W | - 81 82 - NS - 024 044 - NS |- 9 203
10th - Rever 1687 19.81 667 | a5 33 as H s 2204 7506 9.8 s s W0 194 234

1Signitscant or Net Signilecant
INot wrveyed in Phine 3

PR = Pesk Reur
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EXHIBIT 19. RESULTS OF BEFORE AND AFTER ANALYSES FOR
PORTLAND SELF-SERVICE FARE COLLECTION

SPRING 1982 (PRE-SSEC):

DWELL = 5.95 + 1.18 (ALIGHTINGS) + 2.46 (BOARDINGS); R? = 0.82
(TIME/BUS STOP) (064) (052)

SPRING 1983 (SSEC):

DWELL = 8.26 + 1.58 (ALIGHTINGS) + 1.93 (BOARDINGS); R? = 0.66
(TIME/BUS STCP) (064) (.052)
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EXHIBIT 20. BENEFIT-COST ANALYSIS RESULTS
OF SALT LAKE CITY RIDER INFORMATION SYSTEM

COST/BENEFIT CATEGORY 1983
SYSTEM COSTS
TELERIDE CONTRACT $ 485918
UTA LOAN FROM TELERIDE -165,050
UTA SUPPORT COSTS
STAFF COSTS 60,671
INSTALLATION/START UP 29,083
TELEPHONE 34,286
HARDWARE & SOFTWARE 33,000
MAINTENANCE °
TOTALINITIALCOSTS «  § 477,908
SYSTEM_BENEFITS
REVENUE INCREASES DUE TO 5,753
TRANSIT MARKETING
COSTS AND BENEFITS IN
1983 DOLLARS?
INITIAL COSTS $ 477,908
INITIAL RENEFITS 5,753

YEAR INCURRED BY UTA!
1984 1985 TOTAL
$ 36263 $ 203070 § 725251
- - ’165:050
27,578 . 88,249
. 22917 -52,000
15,584 - 49,870
15.000 —_— 48,000
§ 94425  $ 225987 § 798320
2,876 6,967 15,596
$ 90570 $ 207913 § 77639
2,759 6,410 14,922

1 EXCEPT THE LAST TWOQ ROWS, ALL COSTS AND BENEFITS ARE IN 1985 DOLLARS.
COSTS ARE AS SPECIFIED IN THE UTA-TELERIDE AGREEMENTS.

2 BASED ONACTUAL 1983-84 AND ASSUMED1984-85 INFLATION RATE OF 4.3 PERCENT.
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5. CONTENT AND ORGANIZATION OF REPORTS

At various stages in the evaluation process the contractor for each APTS project is
responsible for submitting specific reports to the Vol pe Center. These reports include: an
Evaluation Plan submitted prior to conducting the evaluation, Evaluation Progress Reports
submitted monthly throughout the project, Interim Evaluation Reports submitted periodically
throughout the project, and a Final Summary Evaluation Report submitted at the conclusion of
the project. The local sponsor for each operational test is aso responsible for submitting
quarterly progress reports on project status. Appropriate information in these reports will be
included in the contractor’s monthly Evaluation Progress Reports.

This chapter presents recommendations on content and organization which will guide the
contractor in the preparation of these reports.  The suggested content and organization for the
local sponsor’s quarterly progress reports are aso presented.

51 EVALUATION PLAN

The Evaluation Plan is written by the contractor to explain, in detail, how the evaluation
of the particular project will be performed. The following isasummary of the suggested
content and organi zation format for the Evaluation Plan:

(1) Overview of the operational test
e Operational test including description of APTS application
e APTS program objectives addressed
- Other relevant project objectives/issues addressed
e Project history (events or studies leading up to test)
e Project schedule

e Project funding (total operational test costs by source of funding, capital costs by
application)

e Project local sponsor/operating agency
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(2) Description of the operational test evaluation

Overview of basic evaluation design, constraints affecting development of the
Evaluation Plan

Timing of evaluation stages as related to project implementation schedule
Site data collection plans and sources

Quantitative measures, qualitative measures, and/or information to be collected
in connection with each project objective and issue

Proposed data collection/derivation and analysis techniques for each measure

Schedule of data collection activities associated with the evaluation, and
identification of which organization (contractor, local sponsor, other local
organization) isto perform each activity. Schedule should indicate submittal dates
for any Interim Evaluation Reports and the Final Summary Evaluation Report

(3) Technical management and cost information

- Estimate of contractor person-hours by labor category (e.g., senior, middle,

regular, administrative) and task (i.e., management and coordination of evaluation
plan preparation and updating, data collection/monitoring of data collection, data
reduction/data analysis, and report preparation) for the project

Estimate of contractor direct costs by category of cost (travel, computer, etc.),
task, and evaluation stage

Estimate of total contractor evaluation costs by task

Estimate of person-hours and costs for data collection to be performed by other
organizations (by activity, if possible)

To facilitate the incorporation of modifications, the Evaluation Plan should be submitted

in looseleaf form and on a WordPerfect file.  Asmodifications are made, each page will have

the date of modification indicated. Modifications may result from the initial review of the Plan

by the Volpe Center, FTA, and the local sponsor or they may occur during the evaluation

implementation phase. Asan example of the latter situation, examination of interim findings

may reveal certain gaps or redundancies in the originally planned data collection program.
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Other reasons for modifying the Evaluation Plan during the implementation phase might be
operational changes in the project, unanticipated developments at the site, or identification of a

refined evaluation procedure. The mechanism for obtaining Vol pe Center approval to modify
the Evaluation Plan procedures is described below under Monthly Evaluation Progress Reports.

52 MONTHLY EVALUATION PROGRESS REPORTS

The Monthly Evaluation Progress Reports are written by the contractor to keep the Volpe

Center and FTA abreast of the status of the project evaluation the contractor is performing.

These reports are intended to be as concise as possible.  The following is a summary of the

suggested minimum content and organization for the Monthly Evaluation Progress Report.

(D Review of evaluation activities during the past month. Evaluation-related problems

@)

encountered and actions taken to rectify them. Narrative highlights of project and/or
evaluation related external factors and other events which appear to be significant and
might influence the evaluation of the project. A review of the implementation process,
including a discussion of problems and issues encountered, steps taken to resolve such
issues, and associated operational delays, difficulties, and other consequences, if any.

Status of data collection and analysis activities that have taken place in the past month
(performed by both local sponsor and evaluator). Any contractor documentation on
preliminary results which have been generated in this area should be appended to the
Progress Reports or could be submitted separately as specia technical memoranda.

An indication of whether the evaluation is proceeding according to schedule, and, if not,
reasons for the departure.

A brief discussion of anticipated activities to be covered during the succeeding report
period. Forthcoming Interim Reports, if any.

Comparisons of cumulative budget to actual expenditures. Estimate of costs to complete
evauation tasks.

Recommendations for changes, if any, to the Evaluation Plan, and the reasons such

changes are recommended. (Volpe Center concurrence is needed before any changes to
the Plan can be made.)
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53 INTERIM EVALUATION REPORTS

Interim Evaluation Reports are written periodically by the contractor to present interim
findings relative to all or some of the operational test objectives and to evaluate those aspects
of the project where it is applicable to do so. Although submitted to the Volpe Center, they will
aso be further disseminated to other interested parties.

If the evaluation processis divided into distinct stages whose durations fal roughly within
amonth time frame, then interim reports should be written at the end of each stage. Otherwise,
interim reports should be written annually, except that no interim report is needed at the end of
the operationa test. The suggested content and format for Interim Evaluation Reportsis similar
to that presented for the Final Evaluation Report described next.

5.4 FINAL SUMMARY EVALUATION REPORT

The Final Evaluation Report is structured by the contractor early in the operational test
and completed at the conclusion of the project. Its purpose is to synthesize the findings relative
to each of the APTS Program objectives and other relevant objectives/issues into an evaluation
of the overall project. Although submitted to the Volpe Center, it is aso meant for
dissemination to atechnical audience. The suggested content and organization for the Final
Summary Evaluation Report are given below.

(1) Executive Summary
e Should be capable of standing on its own and being published separately.

(2) Project Overview

e Description of project innovations, the APTS Program objectives addressed, and
other relevant project objectiveslissues. A brief overview of the operation of the
project over its life, and highlights of project related external factors and other
events that have been significant enough to influence the project. A review of the
implementation process, including a discussion of problems and issues
encountered, steps taken to resolve such issues and problems, and associated
operationa delays, difficulties, and other consequences, if any.

(3) Site Overview
e Description of the site, presentation of pertinent site data, and highlights of site
related external factors that may have been significant enough to influence the

project.
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(4) Evauation Overview
e Description of the basic evaluation procedure and the timing of evaluation stages.

(5) Project Results

o Assessment of the project in terms of its attainment of relevant APTS Program
objectives and other (local and/or national) project objectives,; and insight into
project issues associated with operational feasibility and characteristics of the
APTS application being tested. Relevant data are analyzed and presented in the
forms of charts, graphs, and/or narrative.

(6) Implications Regarding Transferability

e Assessment of the influence of site-specific characteristics and external factors on
the outcome of the operational test.

e Lessonslearned, based on practical experience, relative to the implementation and
operations of the APTS application. Can include suggestions for project
modifications at the test site or for future APTS applicationsin other locales.

(7) Appendices
e Project costs

e Data Collection: Site data, quantitative measures, and qualitative measures
collected.

e Assessment of evaluation procedures employed (e.g., effectiveness of particular
survey approaches used, cost/accuracy of innovative data collection techniques).

55 QUARTERLY PROJECT PROGRESS REPORTS
The Quarterly Project Progress Reports are written by the local sponsor to keep FTA/the
Volpe Center abreast of the status of the operational test project implementation for which the
local sponsor is responsible. The following isa summary of the suggested minimum content and
organization for the Quarterly Project Progress Reports to be prepared by the local sponsor.
(1) Review of operational test activities during the past quarter. Project-related problems
encountered and actions taken to rectify them. Narrative highlights of external factors
and other events which appear to be significant and might influence the project. A

review of the implementation process and an indication of whether the project is
proceeding according to schedule and, if not, the reasons.

(2) Status of planned data collection activities.
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(3) Comparisons of budgeted to actual expenditures. Estimate of costs to complete project.

(4) Recommendations for changes, if any, to the conduct of the project, and the reasons such
changes are recommended to the Volpe Center.
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APPENDIX A
SURVEY EXECUTION AND DESIGN

It is anticipated that the evaluation of every APTS operational test will require data that
can be obtained only from surveys, and will therefore require some form of survey data
collection. Among the possible survey respondents are APTS service users, auto users, service
area residents who do not use transit, and transit company personnel. Typical survey objectives
might include: determining user and non-user characteristics, attitudes toward transit service, and
past and present travel behavior; measuring modal shift; and assessing the experience of transit
officials with regard to implementing a new APTS technique. Although the specific contexts
in which the surveys are conducted may differ, there is still a need for consistency of procedure
in survey design and data collection to insure comparability of results.

In surveys, the researcher is collecting data from real life situations, which means that
many unanticipated, spontaneous, and unusual situations will arise.  Some of the unanticipated
situations are briefly mentioned in Section 4.1, and more detailed discussion regarding these
situations and their association with the validity of the evaluation resultsis presented in Campbell
and Stanley. To compensate for the survey researcher’s lack of control of the experimental
situation, the need for consistency and the establishment of general policies or guidelines to
handle a great variety of possible devel opmentsis most important.

This Appendix contains guidelines for use in formulating and carrying out surveys. |t
discusses how to define the populations to be sampled (i.e., the survey universes), describes how
to select samples that will be representative of that universe, examines techniques for surveying
the sampl es selected, presents suggestions as to survey content and format (including alist of
standardized questions and, in some instances, standardized responses to serve as a basic set for
most surveys), and discusses the problem of non-response bias.

A separate section at the end of this Appendix contains guidelines for conducting
interviews with transit company personnel (e.g., drivers, management, mechanics).

It should be stressed that this Appendix presents no hard and fast rules which must be
followed by each contractor. It merely guides the contractor in designing and executing surveys.
In determining survey methodology, the contractor should consider potential alternatives and
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give the rationale for decisions made in terms of the survey objectives, site characteristics, and
any other relevant factors which have influenced the decision.

A.1 DEFINING THE SURVEY UNIVERSE

The first step in executing surveys is to define the survey universe (i.e., the groups about
which the surveys are seeking knowledge). It is apparent that knowledge about project service
users travel behavior, characteristics, and attitudes toward transit is needed in an evaluation of
project service. Moreover, an evaluation of project service will usualy not be complete without
some data on non-users, particularly to identify who they are and why they do not use the
project service. Accordingly, there aretwo survey universes which will berelevant for APTS
projects. users of the transit service employing the APTS application, and non-users of this
service. Users are defined as those who ride this service at least occasionaly but till on a
regular basis, e. g., regularly twice a month. Non-users are defined as those using alternate
modes (i.e., other than the APTS project service) who make trips that could be made on the
project service.

Occasionaly, there will be athird survey universe of interest, the general population of
the region in which an APTS project is being implemented. Attitudina surveys of this universe
will be used to obtain a profile of the community in which the transit service is being provided.
It should be apparent that many of the questions asked users, non-users, and the general
population will be different.

Definition of the term APTS project service area alows a more precise definition of
non-users and the general population. The project service area is defmed as the area that
comprises on the order of 90 to 95 percent of the origins and destinations of the users of the
service. Since non-users are potential users, the origins and destinations of non-users should be
comparable to those of users. Non-users can now be defined as persons not using the APTS
project service who make trips that begin in the origin portion of the service area and end in the
destination portion of the service area at the same times as users make these trips. The general
population in the region of the operational test can now be defined as the population residing
within the service area



The operational test service areais usually not well defined at the outset of the project
and must initially be estimated. In some projects, specifically demand-responsive projects, the
origin and destination portions of the service areaare given. At the other extreme, in projects
in which park-and-ride is a significant access mode, it may be impossible initialy to estimate
the service area accurately. A conservatively estimated area that includes all possible
park-and-riders would have to be initially defined as the origin portion of the project service
area.  Once survey dataon the origins of park-and-ridersis obtained, a more accurate estimate
of the service area can be made, and non-users can then be identified.

A.2 SAMPLING THE SURVEY UNIVERSE

The next step in executing surveys is selecting an appropriate sample for surveying users,
and, where applicable, selecting appropriate samples for surveying non-users and the general
popul ation.

The purpose of sampling is to reduce the amount of data collection required. Rather than
obtaining information from every member of the universe, the principles of sampling provide
ways to obtain information from a very small portion of the universe. Sampling procedures also
indicate the accuracy with which the characteristics of the universe have been represented.

A key assumption in sampling isthat, prior to drawing asample, the complete universe
has been identified. Therefore, every member of that universe has a known probability of being
selected for inclusion in the sample.  The quality, or representativeness, of any sampleis
directly derived from the completeness of the identification of all members of the designated
universe.

For these reasons, careful definition of the universe and selection of a source from which
to draw a sample is very important. If the listing of the universe, or the sampling source, is
biased through failure to include affected members, whether deliberate or random, the sample
may magnify the bias and may not represent the universe.

A sample of users can be selected from among those onboard the transit vehicles or
among those at transit collection points (i.e., stations), park-and-ride lots, or transfer points.
For APTS projects in which all users are registered (e.g., demand responsive or subscription
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service), asample can be selected from among the registration lists.  For projects which serve
specific employment or activity centers, a sample can be selected at these centers.

Selecting a sample of non-usersis considerably more involved than it isfor users. While
the user group is identifiable (and can be directly sampled), the non-user group cannot explicitly
be identified before it is sampled.A"1 A larger group must first be sampled, and then the trip
origins and destinations of the survey respondents®-2 examined in order to identify non-users
(i.e., those whose trip origins and destinations are within the project service area). A definition
of the project service area (as previoudly discussed) isaprerequisite for identifying non-users.

In a project in which travel by users and non-usersisin a specific direction through a
corridor, non-users, specifically auto users, can be sampled from license plate matches. A
screenlineis selected which intercepts the main arterials carrying autos between the origin and
destination portions of the project servicearea. A sample of the license plate numbers of the
autos crossing the screenline is recorded and a list of names and addresses of the owners of these
autos is obtained from Department of Motor Vehicle records. This list (or a subset of this list)
constitutes a sample in which alarge percentage are project service non-users. Some of those
crossing the screenline do not make trips that begin and end in the project service area, and are,
therefore, not non-users. However, the entire sample must be surveyed because it is not known
who the non-users are until the trip origins and destinations of all those in the sample who
completed their surveys are examined. In certain very specific cases, samples can be selected
directly from the traffic stream (e.g., at toll booths, at off-ramps, or from among carpoolers
assembling at parking lots).

In operational tests where travel by users and non-users is not in a specific direction nor
through a corridor, the non-user universe cannot be sampled using the above methods. In such
cases, a sample may be drawn from households in the origin portion of the particular project’s
service area. Lists of households from which to select a sample could be obtained from utility

[A-1]  There may be APTS projects directed at carpooling. In this, carpoolers would be “users™ as defined in
this appendix. However, the population of carpoolers is not explicitly identifiable; therefore, it must be
sampled by the same methods used for non-users.

[A-2]  This information is requested in the survey.

A-4



records, insurance company records, census block statistics, telephone books,A-3 property tax
records, etc. Many of the people in these households do not make trips ending in the destination
portion of the project service area, and are, therefore, not considered non-users. As previously
discussed, the entire sample must still be surveyed because the non-users cannot be identified
until after the entire sampleis surveyed.

If the preceding method is used for obtaining a sample of non-users, it should be noted
that the househol ds selected constitute a sample in which a moderate percentage of the people
are users. It may be desirable to identify users before they are surveyed (by asking all those
sampled if they are users) in order to ask them questions pertaining to their use of the project
service.

In all samples of households, an attempt is made in each household to survey only that
individual in each household who makes atrip ending in or near the destination portion of the
project service area.A-* More than one household member is surveyed only when more than one
makes this type of trip.

For operationa tests which serve specific employment or activity centers (e.g.,
handicapped and elderly service or subscription service), a sample of non-users does not have
to be drawn from among households. A sample can be selected from among people at these
centers which would include non-users (and users also). If users are surveyed, they should be
identified before they answer any questions in order that the questions asked pertain to their use
of the project service.

Where a sample of the general population of aregion is needed, the sample will aways
be selected from among the householdsin the project servicearea.  Again, lists of households
can be obtained from utility records, insurance company records, census block statistics, etc.

[A-3] Where the telephone book is used as the sampling source, there is considerable danger of obtaining a biased
sample. Many households choose to have unlisted telephones. Also, lower income people are less likely
to have telephones, as are residents of boarding houses.

Random digit dialing not only poses potential bias problems but also will be costly because business and
non-residential phones will be selected.

[A-4]  This comment is also applicable to surveys that are sent to registered automobile owners whose names were
obtained from license plate matches.
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Regardless of the methods chosen for selecting samples of both users and non-users (and
possibly of the general population), every effort should be made to assure that samples selected
are unbiased and large enough for the desired statistical confidence. Such an approach involves
estimating the percent of persons surveyed who are in the universe (i.e., who make applicable
trips in the service area), estimating the response rate, and developing a random selection
process that aims at the desired number of samples.A-

In developing a random selection process to sample users onboard vehicles, examination
of vehicle operating schedules and recent passenger counts, if available, will be necessary to
design where and when to select the vehicles on which to sample users. However, the following
sources of biasin vehicle operating schedules must be considered when deciding on the utility
of aparticular schedule for developing a sampling source: (1) unscheduled vehicle runs, most
likely to occur during peak hours, and therefore with high passenger loads; (2) schedule delays,
breakdowns, and accidents, also most likely to occur during peak hours when there are high load
factors; and (3) the occurrence of external influences on ridership in the interim, such as a strike
among people who might have formerly used this mode of transportation, the opening of a new
shopping center or school along the route, or unique events such as a concert. These sampling
hazards should be kept in mind and some attempt should be made to build corrections into the
research design to compensate, such as oversampling on certain routes.

In many situations, developing a random selection process that obtains the desired sample
size simply involves selecting every Ith person going past a given point, or every Jth person on
alist of users of a given system, or every Kth person on alist of employees at a given location,
or recording the license plate number of every Lth auto going past agiven point. To obtain a
random sample of the households in the origin portion of a project service area, every Mth
household on alist of all of the households in the area could be selected; or the random clustered
household sampling method could be used. This method divides the origin portion of the service
areainto smaller areas (usually blocks) of approximately equal population and randomly chooses
a sample of the resulting clusters in which every household in each cluster is a part of the
sample.

[A-5]  See Appendix B for a discussion of sample size determination.
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The possibility of sampling bias occurring through use of a particular sampling method
should not rule out itsuse. That sampling method may be very appropriate in certain project
evaluations. However, where little can be done to minimize the effect of bias, other sampling
methods should be considered.

For each survey required for a particular evaluation, the contractor must carefully
describe the universe to which survey research findings will be generalized and identify the most
complete enumeration or sampling source available for that universe. Actual selection of a
sampling source must be justified in terms of its complete coverage of the affected universe and
alsoinlight of the survey objectives.

A.3 TECHNIQUES FOR SURVEYING THE SAMPLES SELECTED

The fina step in executing a survey is determining what techniques are applicable for
surveying the samplesthat have been selected. There are five basic techniques for surveying
these samples:

(1) Self-administered questionnaires handed out by individuals (e.g., survey takers, bus
operators, personnel at employment or activity centers), and collected by individuals (not
necessarily the same individuals who handed out the questionnaires);

(2) Self-administered questionnaires handed out by individuals and returned by mail;
(3) Self-administered questionnaires given out by mail and returned by mail;
(4) Face-to-face interviews, and

(5) Telephone interviews.
A summary of the applicable techniques to be used with each possible sampling method is shown
in Exhibit A-1, which appears at the end of this Appendix with all other exhibits.

With al of these techniques, the greater the amount of personal contact between user and
survey takers, the higher the response rate and the quality and detail of the responses. However,
the greater the amount of personal contact, the higher the cost.A-6 In fact, the face-to-face
interview initiated at homes, while eliciting the highest response rate, is generally too costly to

[A-6] In choosing a survey technique, careful attention should be paid to costs associated with the data processing
and analysis of survey findings.
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be considered in the evauation process. It should only be used in conjunction with the random
clustered household sampling method, where the number of personal home interviews to be
conducted is small and coversasmall area. By significantly decreasing the areain which a
given size sample lies, the cost of using personal home interviews s reduced.

Where a self-administered questionnaire is used to survey a sample, the response rate will
inevitably be lower than where a face-to-face or telephone interview isused. To improve the
response rate it may be desirable to allow for awave of follow-up procedures, such as phone
calls and postcard follow-up.

Generally, the self-administered questionnaire is the most easily conducted and most cost
effective survey technique. Self-administered questionnairesinitiated onboard or at collection
points are most widely applicable. If the questionnaires are short enough to be completed by
all users while they are onboard and there are few standees, the users should be instructed to
compl ete the questionnaires while onboard and return them as they leave the vehicle. If the
questionnaires are initiated onboard and the number of vehicles on which users are surveyed is
not large, consideration should be given to stationing survey takers onboard each vehicle to hand
out and collect the questionnaires, give instructions, and answer any questions. If the
questionnaires are initiated at collection points and the number of points at which users exit their
vehiclesis small, consideration should be given to stationing survey takers at the exit pointsto
collect the questionnaires. The additiona expense incurred with this degree of personal contact
generally pays off (i.e., the response rate is high and the cost per completed survey islow).

Where self-administered questionnaires are too long to be completed by all userswhile
they are onboard or where there are many standees, questionnaires that are to be mailed back
should be used. The response rate for a mail back questionnaire will be considerably lower than
for a questionnaire completed onboard  This should be kept in mind when developing the
sampling techniques.

When questionnaires are sent by mail, acover letter giving instructions and explaining
the purpose of the survey should accompany -each questionnaire as should a self addressed,
stamped envelope for mailing back the completed questionnaire. It would also be advisable to
send out “follow-up” letters afew days after the questionnaires are sent out as a reminder to
complete the questionnaires.
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There are situations where it is advantageous to conduct personal interviews of users
onboard vehicles or at employment or activity centers rather than to have these users complete
self-administered questionnaires.A~” Where the total user population to be surveyed is small, a
high response rate may be needed to obtain the desired statistical confidence. In such a
situation, a self-administered questionnaire may not obtain a high enough response rate, while
personal interviews of users onboard vehicles would. Where there may be considerable
misgivings about answering a self-administered questionnaire, as on acrowded bus or trainin
some parts of some large cities, personal interviews conducted onboard vehicles may be the only
means of obtaining an acceptable response rate. Where the users being surveyed are asked about
concepts or behavior that are somewhat complex, a persona interview will be much more
effective than a self-administered questionnaire in eliciting usable responses. Handicapped and
elderly users may have difficulty writing and it may be difficult for them to respond to a lengthy
self-administered questionnaire. It should be noted, however, that personal interviews are
relatively expensive and labor intensive.

Where samples are selected from service registration lists, users can be sent
self-administered questionnaires by mail. Where it seemsthat a very low response rate would
be obtained with the mail back questionnaire, or where a high response rate is necessary, the
telephone interview would be superior. Moreover, sampling bias would be minimized because
al of the users' telephone numbers would be known from the registration listsA-8

For surveying non-users, no single techniqueiswidely applicable. Where a sample of
auto users crossing a screenline is surveyed, questionnaires could be sent to the auto drivers by
mail (from license plate matches) or these same auto drivers could be interviewed by telephone;
or auto users selected directly from the traffic stream could be given questionnaires to be
returned by mail. For example, where autos are selected by license plate matches, auto
occupancy would be recorded along with license plate number, and mail-back surveys mailed

[A-7]  When surveying users at collection points, there generally is not enough time to question them by personal
interview.

[A-8] Itshould be noted, however, that it will not be possible to contact all the persons in the telephone survey
sample within the survey time frame. Those not contacted may be a non-random group, with the result
that those who are actually interviewed by telephone may no longer be representative of the universe.
Therefore, great care must be exercised when sampling by telephone interview.
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out according to auto occupancy. Those who drove alone would be mailed one form; carpool
drivers would be mailed a set of different forms -- a carpool driver form for themselves, and
carpool passenger forms to be given to those who rode with them.

In some projects, where autos are al so selected by license plate matches, the owners of
the observed autos are surveyed by telephone interview. No carpool passengers are surveyed
in this fashion. Carpool passengers can be surveyed directly from the traffic stream. In one
situation, many carpoolers assembled at a parking lot designated partly for that function. Before
each carpool |eft the lot, each member of the carpool was given a self-administered questionnaire
to be mailed back.A-?

Where a sample of non-users (and users also) is surveyed at specific employment or
activity centers, those techniques which are applicable for user surveysinitiated onboard or at
collection points should be considered.  This, in general, means that self-administered
questionnaires should be used.

Where a sample of households in the origin portion of the project service area, which
includes non-users (and users), is surveyed, no single survey technique is widely applicable.
Questionnaires could be sent to those households by mail to be returned by mail, telephone home
interviews could be conducted, or personal home interviews could be conducted where the
sample is selected using the random clustered sampling method.

It is anticipated that the VVolpe Center will set up a*“Survey Notebook” in which will be
kept a record of the survey experience of the contractors during their performance of APTS
evaluations. In order for the Volpe Center to maintain this notebook, the contractor will supply
the Volpe Center with a copy of the survey form, information on universe size, sample size,
cost, and response rate, and reasons associated with non-response.

A.4 SURVEY DESIGN PRINCIPLES

It is apparent that, because different surveys are directed at different survey universes
using different sampling sources and different techniques, surveys will vary in content and
length. Nonetheless, al surveys should have the same basic organization, sequence, and

[A-9] Some carp001 drivers might have been surveyed twice if their license plates had been recorded.
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wording of standardized questions.  This section presents basic principles on survey
organization, length, question sequence and wording, and standardized questions that should be
followed in designing the survey instrument.

A.4.1 Organization
There should be four elements in all surveys, whether user or non-user. They arein
order of their appearance in a survey:

(1) Introduction- Thisisabrief statement of the survey’s purpose and potential utility and
guarantees the respondent’ s anonymity. It will be verbally delivered if an interview
technique is selected, or will be printed at the beginning of a self-administered
questionnaire.

(2) Behaviora and Attitudinal Measures - These refer to the set of questions specifically
measuring the survey’s objectives, such as modal shift, satisfaction with level of service,
etc.

(3) Socia and Demographic Measures - These are measures of the respondent’s
characteristics which are important in interpreting responses to behavioral and attitudinal
measures. Transition to this section of a survey needs to be prefaced by either averbal
or written explanation, as appropriate, such as “ Now we need to know a little about
you...."

(4) Closing Statement - This is a brief expression of thanks to the respondent for
participating, with some indication of the importance of the eventual utilization of his
responses, and a request for any additional comments or observations from the
respondent.

A.4.2 Length

The overall length of the survey depends on the particular objectives of the survey and
the survey techniques used. In general, surveys which are to be completed onboard transit
vehicles and at employment and activity centers should be shorter than those surveys completed
at home, since they are being administered to respondents in a less comfortable and relaxed
environment.

Self-administered questionnaires which are handed out should be limited in length to one
side of a sheet of paper or alarge postcard. Surveys which are to be completed onboard transit
vehicles and at employment and activity centers (whether in interview or self-administered
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format) should be shorter than surveys which can be filled out at the respondent’s convenience
and returned by mail. Moreover, they should be short enough so as not to delay the respondent
in histrip or current activity.

The length of surveys which are completed in the home varies depending on the method
of administration. Telephone surveys should be fairly short, since it is difficult to retain the
respondent’s attention for any longer period given the impersona nature of the contact.
Self-administered mail-back questionnaires sent by mail can be longer than self-administered
mail-back questionnaires handed out because there is more opportunity to enlist the respondent’s
cooperation. However, mail-back questionnaires given out by mail should not be as extensive
as personal interviews conducted in the home, since the personal contact is lacking which might
encourage alonger attention/cooperation span on the part of the respondent.

A.4.3 Question Sequence and Wording

There are several general principles describing question sequence and wording that apply
to al questions. First, questions should be arranged logically to lead the respondent into the
frame of reference of the issue under study.A-10 It is recommended, following the introductory
material, to begin the questionnaire or interview schedule with behavioral or attitudinal measures
of responses to transportation alternatives because these relate most closely to the announced
purpose of the data collection effort. Social and demographic data should be collected near the
end of the survey instrument, reserving any questions about income as near to the end of the
survey as possible.A-11

[A-lo] See pages 26 ff in Federal Highway Administration with Urban Mass Transportation Administration, Urban
Mass Transportation Travel Surveys, for an extended discussion of the basic considerations in designing
surveys. Two very practical descriptions of interviewing and coding guidelines helpful in developing
format are contained in: Survey Research Center, Interviewers Manual, Institute for Social Research,
University of Michigan, May 1969 and Survey Research Center, A Manual for Coders, Institute for Social
Research, University of Michigan.

[A-11] Measures of income are the most difficult to obtain accurately and arouse the greatest resistance in the
respondent. Sometimes a respondent is asked to point to an amount on a card or circle an approximate
amount to lessen the resistance. However, these items arouse such resistance that they must be at the end
of the data collection instrument so the hostility produced will not destroy the rest of the data collection.
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Questions should be as short as possible and in clear, concrete language. Visua format
is also important. In self-administered questionnaires, it enhances the respondent’s likelihood
of completing the form, and in interview format surveys, it makes the interviewer’ stask faster
and easier. Questions should be laid out in a fashion that ensures ease of coding and processing
responses and appears attractive at the sametime. Fill-in questions should be avoided where
possible, because they often are difficult to code. Where they are used, responses should be
anticipated and precoded to reduce costs and enhance consistency. Coding blocks can be | eft
at one side of the survey form and the field editor can check to insure that the information is
transferred.  This procedure makes the survey also function as a code sheet.

The survey should be checked to ensure that it is as parsimonious and logical as possible.
There are several waysto do this. First, every question ought to be evaluated to ensure that it
contains a measure related to one of the specific project objectivesA12 Second, advance
planning of the data analysis, through the construction of dummy tables, will ensure that every
variable measured contributes to the eventual data analysis. Finaly, pretesting of the survey
instrument will identify any questions which, because they are confusing to the respondent or
of limited use in the evaluation, should be changed or omitted. Pretesting has even more
far-reaching benefits. It will uncover any procedural problems which may arise during the
survey process and reveal any problems which are particularly characteristic of urban areas, such
as asizable number of functional illiterates or foreign speaking respondents who cannot complete
a self-administered questionnaire or a systematic refusal to participate by some sectors of the
population. The pretest of the survey form must be conducted with respondents as identical to
the proposed survey respondents as possible without contaminating the sampling source.

Finally, al survey questions should be checked against the provisions of the Privacy Act
of 1914 to verify that none of the questions violates any person’s right to privacy as spelled out

[A-12] There are several exceptions to this. guideline. One is the. deliberate use of one or two meaningless
questions in order to lead the respondent into a particular frame of reference. This is frequently necessary
when seeking information on embarrassing, unusual, highly specific or complicated issues. This technique
will increase the validity of the data subsequently collected. A second exception is measuring respondent’
opinions of service features that have not changed as part of a set of questions about respondents”reactions
to improved service features. This combination of questions will measure if a “halo effect” exists in terms
of respondents”overall positive evaluation of the mode when only several aspects have been changed.
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inthe Act. Itisrecommended that the contractors familiarize themsel ves with the provisions
of the Act.

A.4.4 Standardized Questions

It will be useful to ensure that the data collected in different evaluation projectsis
consistent in format. Fostering consistency means that an economical amount of data will yield
a maximum amount of information. Secondly, consistency facilitates comparisons between
projects, generating a more universally applicable understanding of the responses to transit
innovations. Finally, and most importantly, developing consistent data collection categories
based on the U.S. Census will mean that results of any survey can be corrected for sampling
error and potentially extrapolated to any other area. This section discusses standardized formats
for measuring behavioral, attitudinal, and socia/demographic characteristics.

A. 44,1 Behavioral Measures

Selecting questions to measure travel behavior is very much influenced by the objectives
of a particular survey. Some general suggestions regarding ways to collect and code such
information to increase consistency among surveys will be described.

The following measures of travel behavior are most likely to be asked in amost every
survey: transit vehicle boarding and alighting points (user surveys only), trip origin and
destination (all described in terms of addresses), trip purpose, and trip start and end times.
Additional frequently collected data for surveysincludes access mode to transit vehicle, when
present mode was first used for this particular trip, former mode used for this particular trip
(with some attempt to control for external influences, such as aresidential move), reason for
switching mode, fare (user surveys only), tolls and parking cost (non-user surveys only),
frequency of use, access time at origin and destination (user surveys only), availability of mass
transit alternatives, back-up mode, and number of transfers required (user surveys only).

Exhibits A-2 through A-9 are examples of bus, automobile driver, and automobile
passenger surveys. These exhibits, together with the preceding discussion, indicate the possible
range of information which can be collected on travel behavior. Clearly, the determination of
which particular items to include in a survey depends on the survey objective, desired survey
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length, and circumstances under which the survey is conducted. Furthermore, the specific
wording of the questions relating to travel behavior depends on the method of administering the
survey and the overall tone of the survey and sequence of questions.

Exhibits A-10 through A-16 present recommended question formats and response
categories for the measures of travel behavior which are likely to be included in most user and
non-user surveys. These recommendations are based on areview and evaluation of questions
asked in past surveys (including Census Journey-to-work) and are directed to the five basic types
of surveys (See Exhibit A-l). In designing a survey for a particular operationa test, the
contractor should follow these guidelines to the extent consistent with the scope and objectives
of the survey, Any significant deviations from the recommendations, particularly modifications
of suggested response categories, should be explained to the Volpe Center in a memorandum
accompanying the draft survey instrument.

A. 4.4.2 Attitudinal Measures

Attitudinal itemswill be used in many surveys to measure the respondent’s evaluation
of the APTS application and the transit service provided, specifically in terms of such
characteristics as reliability, convenience, attractiveness, and safety of alternative modes.
Attitudinal questions may also be used, if applicable, to determine what factors have influenced
amodal change. Construction of such items requires careful design and will lengthen the
survey’s administration time. Occasionaly, attitudinal questions may be used to obtain a profile
of the community in which the transit serviceis being provided. An entire survey would then
be designed explicitly for the purpose of determining the opinions of the general populationin
the project service area to such things as the role of government, environmental issues, adequacy
of transportation facilities, and desirability of travel by alternate mode.

Examples of attitudinal questions appear throughout the aforementioned Exhibits A-3
through A-9, and also in Exhibits A-17 and A-18. The set of questions in Exhibit A-17 can be
used both to ‘measure users' and non-users' evaluations of the transit service provided and the
factors that have influenced their modal choices. This set of questions can also be used to learn
about the opinions of the general population regarding travel by alternate modes. Note that
respondents are asked not only for opinions about different travel characteristics but also for a

A-15



ranking of the relative importance of these characteristics. The latter set of questions is needed
to put the respondents’ opinions about the different travel characteristics into proper perspective.
For example, if severa respondents indicated that “car” had a very high status and “bus’ had
avery low status, it might at first appear that the status of the automobile might deter the use
of bus transit. However, the responses would be considerably less significant if these same
respondents indicated that the “ status” travel characteristics was rather unimportant to them. The
set of attitudinal questions in Exhibit A-18 can be used to obtain a profile of the community in
which transit service is being provided.

There are no specific recommendations for the format of attitudinal questions, since the
design of such questionsis entirely dependent on the particular attitudes being measured (e.g.,
opinions of a very subjective item or perceptions about items which are independently
measurable) and on the overall survey context. However, the following discussion presents
some general informative guidelines regarding the treatment of responses to attitudinal questions.

There are three types of response categories which can be used for attitudina questions:
nominal, ordinal, and interval scales. Nominal data consists of mutually exclusive categories
with no implied rating of the responses (e.g., questionswith “yes, " “no” answers). Responses
such as “like very much, " “dislike, " “dislike very much” represent ordinal level data, with an
implied rank ordering. Interval datainvolves the use of numerical scales (e.g., asking people
to indicate their opinions on ascale of 1to 5). Since interval scales require prior validation and
careful application, it is recommended that attitudinal questions be limited to nominal or ordinal
response categories. Moreover, it is recommended that the survey data be represented in the
form of frequency distributions, rather than statistics such as means which have an implied
ranking.

A.4.4.3 Social and Demographic Measures

The inclusion of certain social/demographic questions in surveys serves the dual purpose
of (1) providing data on respondent characteristics which might show a correlation (perhaps even
a causal relationship) with measured behavioral attributes, and (2) providing data about
respondents which can be used in conjunction with Census data to check survey accuracy,
determine non-response bias, and extrapolate survey findings to other areas.
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The amount and nature of socia/demographic information collected depends on a number
of factors, in particular, the desired length of the survey and the extent to which the data will
be correlated with behavioral data and used for extrapolation purposes. It is recommended that
the following items be included in every survey: respondent’s sex, age, household income, the
number of autos in the respondent’ s household, and availability of an auto for the particular
trip(s) made on project service (user surveys only). Depending on the survey objectives, scope,
and administration format, the following are some of the additional items which might be
included: whether the respondent has adriver’slicense, the genera (regular) availability of an
auto for a particular trip type (e.g., work, educational level completed, occupation, and length
of residence and employment at present location).

Examples of questions on social/demographic variables appear throughout Exhibits A-3
through A-9. Exhibits A-19 through A-27 present the recommended question format and
response categories for most of the social/demographic measures listed above. It is considered
important to collect and code this type of data in categories which are equivalent to, or
collapsible into, Census categories, so as to facilitate comparisons with the same type of Census
data for the survey area (for accuracy check purposes),A-13 or to permit the use of other types
of Census data to amplify survey findings (with the collected data serving as a bridge between
the survey population and the Census population). Specia purpose surveys may require a
greater amount of detail about a particular social/demographic measure, but the stratification
should be compatible with commonly used Census breakdowns.A-14

A.5 NON-RESPONSE BIAS

Use of the guidelines presented in this Appendix to design and execute a survey does not
insure that the responses obtained will accurately reflect the characteristics, travel behavior,
and/or attitudes towards the operational field test of the entire sample selected even though the
sampleitself is unbiased and totally representative of the population from which the sample was

[A-13] Census tract or block data on family income will be a good check on reporting accuracy.

[A-14] See U.S. Census, Volume |: Characteristics of the Population. Part 11, Appendix B for a detailed discussion
on the format of questions. See also " 1980 Census User Guide,” U.S. Department of Commerce, Bureau
of the Census, Washington, DC, June, 1983.

A-17



selected. It is possible that the characteristics, behavior, and attitudes of the part of the sample
that did not respond to the survey are different from those of the part that did respond, hence
producing non-response bias.

Pretesting of the survey instrument may or may not reveal this problem when it exists.
Even if pretesting does reveal the problem, there may be no effective means of eliminating it.
Thisis especialy true if there is a systematic refusal to participate in a survey by certain
segments or personality typesin the population. It isrecommended here that an attempt be made
in every survey to determine whether or not non-response bias exists and how it might affect the
validity of results.

There are no specific guidelines for ascertaining the existence of non-response bias. In
general, non-respondents can be reached with a very short survey containing but a few key
questions that is administered with considerable personal contact. Where non-respondents cannot
be identified, the special survey would be given with the regular survey to a part of the sample.
Many of those who do not respond to the regular survey will respond to the special survey.
There, non-respondents can be identified after the regular survey has been completed, only they
would be given the special survey. The responses of respondents and non-respondents to the
few key questions can then be compared to determine whether the responses of respondents and
non-respondents are significantly different, and therefore, whether non-response bias exists.

The contractor should attempt to devise a specific methodology for determining whether
non-response bias exists in the survey responses obtained from the surveys being conducted.

A.6 INTERVIEWS WITH TRANSPORTATION AGENCY PERSONNEL

There are situations where it may be useful to conduct interviews with transit company
personnel (e g., drivers, dispatchers, mechanics, management personnel from the agency
operating the project service). 1n some cases, such interviews could be used to develop ideas
for questions and sets of responses for surveys of users and non-users. Thisis useful in
situations where changes are being hypothesized, and agency personnel could give their opinions
and insight on measuring these potential changes.

In other cases, such interviews could be used to check the validity of collected data and
survey responses. In some very specific cases, such interviews could provide first-hand data on
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certain APTS applications. For example, drivers and mechanics could provide information on
the operating and maintenance characteristics of smart vehicle and smart card systems.
Management could provide insight into the enforcement problems associated with high
occupancy vehicle lanes. Dispatchers could provide insight into the operating characteristics of
an automated vehicle location system. The situations discussed are not meant to be al-inclusive.
No specific guidelines have been put forth. It is up to the contractor to decide whether
interviews with transit company personnel would provide information needed to perform the
particular evaluation, and to design the appropriate survey technique. Individual interviews and
focus groups are practical methods of obtaining information from agency personnel.

A.7 REFERENCES
The following are considered to be excellent references on the subject of survey
execution, experimental design, and associated issues, concepts, and techniques.

(D  Campbell, D.T., and J.C. Stanley, Experimental and Quasi-Experimental Design
for Research, Rand McNally and Company, Chicago, 1963.

(2)  Mohr, L., Impact Analvsis for Program Evaluations, Brooks-Cole, Monterey,
1988.

(3)  General Accounting Office, Designing Evaluations, Washington, DC, May 1991.
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This survey
Transportatios and METRO in order 1o obtain information about your use of the Katy Traositway. Please take a few minutes

EXHIBIT A-2

On-Board Bus Survey
KATY TRANSITWAY TRANSIT USER SURVEY

is being undertaken by the Texas Transportation Institute, the Texas State Department of Highways and Public

to answer the questions below and return this form to the survey taker before leaving the bus.

1

2

3.

s.

7

9.

10.

11.

13.
14,

What Is the purpose of your bus trip this morning? —Work —Schoo! —_Other
What is the Zip Code of the area where this trip began? (For example, if this trip began from your home this morning,
you would list your home Zip Code.)

What is your final destination on this trip? —Downtown —Galleria/City Post Oak/Uptown
—_Texas Medical Center —Greeoway Plaza —Other (specify Zip Code )
Have you ever carpooled or vanpooled on the transitway? —Yes, carpocled Y8, vanpooled —No
How important was the opening of the Katy Transitway in your decision to ride the bus?

—Very impontant ——.Somewhat important ——]NOt important

If the Katy Transitway had pot opened, would you be riding a bus now?

—_—Yes —NO —Not sure

How many minutes, If any, do you believe tbis bus presently saves by using the Katy Transitway instead of the regular
traffic lanes? Minutes in the morning Miputes in the evening

How long have you been a regular bus rider oo tbe Katy Transitway?

Does your employer pay for any part of your bus pass?

—_Yes, my employer pays § toward the cost of my bus pass and 1 pay § .
—_No, I pay the estire amoust

Was a car (or otber vebicle) available to you for this trip? (check one)

—_No, bus was only practical means

—_Yes, but with considerable inconvenicace to others

—Yes, but I prefer 1o take the bus

Before you began riding a bus on the Raty Transitway, bow did you pormally make this trip? (check one)

—Drove alone —Rode 2 park-and-ride bus os the regulas frecway lanes

—Carpooled ——Rode a regular route or express bus

e Vanpooled «—Did not make this trip prior to using the Katy Transitway
—Orher (specify )

Do you feel that the Katy Transitway is, at present, being sufTiciently utilized to justify the project?

—Yes —No —Not suse
What is your... Age? Sex? Occupation?

What Is the last level of school you bave completed?

Comments:

THANK YOU FOR YOUR COOFERATION.
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EXHIBIT A-3

Carpool/Vanpool Survey

Metropelitan Tranail Autherity
500 Jetterson Street
PO Doz §1429

4 Housion, Texas 77200-1429
AEmEES——
A———
e 4

713 739-4000

Dear Carpooler/Vanpooler:

Your vehicle was observed traveling eastbound on the Katy Transitway tbe week of
September 11. Since you have first-hand knowledge of the transitway, we need your help
in a specia study being conducted by the Texas Transportation Institute, a transportation
research agency of the Texas A&M University System. Because the Katy Transitway is one
of the first transitways to operate in Texas, it IS extremely important that we determine what

effect it has had on your travel.

Please take a few minutes to answer the enclosed questionnaire. Y our answers will provide
valuable information concerning carpooling/vanpooling on the Katy Transitway. Because
of the small number of poolers contacted, your specific reply is essential to ensure the
success of the project. All information you provide will remain strictly confidentid.

Your cooperation and timely return of the completed questionnaire in the enclosed postage-
paid envelopewill be greatly appreciated. Thank you for your time and assistance in this

Important undertaking.

METRO

Enclosures
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Lol I A

"

10.
11

18.

16,
17.
18

EXHIBIT A-3(cont.)
KATY TRANSITWAY CARPOOL/VANPOOL SURVEY

Undersaken me Transponanon Inssitute, TthmAUlUmlySmumMWTaﬂMWe]ifM
b Public Transponanon, ke Meeropoluan Transit Aushonity of Harris County and the US. Deparement of Traxsponation

Is your vehicle a carpool or & vanpool?  __Carpool . Vanpool

What is the primary purpose of your a.m. carpool/vanpool trip? ——Work ——School o Other
How many members are regularly In your carpool/vanpoo! (Incloding yourself)?
Who makes up your carpool/vanpool group? ___Family Members ___Neighborbood friends __Co-Workers

Does your carpool/vanpoal use a park-and-ride or park-and-pool lot as a staging area?
—_Yes (please specify which lot you typically use ) —No

How loog bave you bees a regular user of the Katy Transitway?

‘Which transitway entrasce do you normally use to access the Katy Transitway in the morning?

110 West of SH 6 ——Addicks Park-and-Ride Flyover Ramp —Gessoer

What time do you normally eater the transitway in the mornlog? am,

What is your a.m. carpool/vanpool destination? —Downtown e Galleria/City Post Oak/Uptown
—Greeaway Plaza — Texas Medical Center —Other (specify Zip Code, )

When did you jolo your present carpool/vaspool?  Month: Year:

How important was the Katy Transitway la your decision to carpool/vanpool?
—_Very important —Somewhat important —Not important

I the Katy Traositway bad pot opened to carpools/vanpools, would you be carpooling/vanpooling now?
Yes No Not sure

Prior to carpooling/vanpooling on the Katy Transitway, bow did you pormally make this trip?
—0On the transirway

—_Bus Vaspool —Carpool
e On the Katy Freeway general purpose lanes

—Bus w2 Vazpool —_Carpool —Drove Alone
—0n a parallel street or highway (Street Name )
— Bus w2 Vaapool —Carpoal —Drove Alone

——Did Dot make this trip

How many minutes, if any, do you believe your carpool/vaspool saves by using the Raty Transitway Instead of the regular
traflic ianes? —_Mioutes in the morning Minutes in the evening

Do you feel that the Raty Traasitway is, at present, sufficiently utilized to justify the project?
—Yes —No —__Not sure

What is your... Age? Sex? Occupation?
What is the last level of school you have completed?

What Is your bome Zip Code?

We would appreciate your additional comments:

THANX YOU FOR YOUR COOPERATION.
Picase rearn sus form o1 powr cortwes comemurnce e ponope-pasd emvelope provided.
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EXHIBIT A-4

Freeway Motorist Survey

Metrepeiitan Transit Avutherity
500 Jetierson Street

PO Box 61

Howsion, Texss 17208-1429

713 739-4000

Dear Motorist;

Y our vehicle was observed traveling eastbound on the Katy Freeway between 6:00 and
9:00 am the week of October 9. Since you have first-hand knowledge of traffic conditions
on the Katy Freeway, we need your help in aspecial study being conducted by the Texas
Transportation I nstitute, aresearch agency of the TexasA& M University System.

To help serve the travel demand, the State Department of Higbways and Public
Trangportation and the Metropolitan Transit Authority have constructed the Katy
Transitway for use by buses, carpools and vanpools. Vehicles using thetransitway travel
inbound toward downtown in the morning and outbound in the afternoon The Katy
Transitway has been constructed within the median of the freeway and is protected from

other traffic by concrete barriers. The location of the transitway in the median has not
reduced the number of genera traffic lanes available to motorists.

Because the Katy Transitway is one of the first transitways to operate in Texas, we need
your help to determine how it is working. Please take a few minutes to answer the
enclosed questionnaire. The questions on this survey concern your routine trips made on
the Katy Freeway in the morning, from6:00 a.m. to 9.00 am. Because of the small number
of motorists contacted, your specific reply is essential to ensure the success of the project.
Your answers will remain strictly confidential.

Your cooperation and timely return of the completed questionnaire in the enclosed postage-
paid envelope will be greatly appreciated. Thank you for your time and assistance in this
Important undertaking.

METRO

Enclosures
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3.

4

s

7.

9.

11.

13.

EXHIBIT A-4{cont.)

KATY FREEWAY MOTORIST SURVEY

Mmknbyw Texas Transponason Instinue, MTMAMUMSM
cooperazion with the Texas Siwase Deparomens of M‘h-?cthcT
MMMMTrMAMo]HmMM 5. Department of Transporanon

What was the purpose of your trip? Work —School — Other
What are your reasons for driving your car oo the freewsy mainlanes rather than traveling in s bigh-occupancy vehicle
on the transitway?

——_Need car for job

—__Car is more convenient and flexible
—_No convenient bus, vanpool or carpoo! available

—__Work irregular bours
—_Other (spedify. )
How many days per week do you normally make this trip?
How do you ysually make this trip?
—_Drive alone ——Vanpoo! —METRO regular route or express bus
METRO park-and-ride bus —Other (spedly, )

How many people (including yoursell) were in your vebicle for this trip?

Which on-ramp did you use (o enter the Katy Freeway for this trip?

Vihat was the destination of your trip?

Downtown —Texas Medical Center —Other (specify Zip Code below)
—Gseeoway Plaza ——_Galleria/Ciry Post Oak/Uptown
Based oo your observation of the number of vehicles currently using the Katy Transitway, do you feel that It is being
sufliciently utilized? —Yes —No —Not sure
Based on your perception of the oumber of persans currently being moved oo the Katy Transitway, do you feel that it s
being sulliciently utilized? —Yes —No —NOt sure
Do you feel that the Katy Transitway Is a good transportation improvement?

—Yes —No —INOt sure
What is your ... Age? Sex? Occupation?

What {s the last level of scbool you have completed?

What Is your home Zip Code?

We would appreciate your additional comments:

THANK YOU FOR YOUR COOPERATION.
Please rerum this form at your earliest convenience in the posiage-paid envelope provided.
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EXHIBIT A-5

13818

BUS RIDERS SURVEY

IF YOU HAVE ALREADY COMPLETED THIS SURVEY, PLEASE RETURN THIS QUESTIONNAIRE TO THE SURVEYOR
WITHOUT FILLING IT OUT.

The purpose of the following questions 1$ to evaluate Tri-Met's new fare collection sysiem. Your answers will heip Tri.
Met understand how well the new fare collection sysiem is working for riders like you.

Since you are part of a relatively small number of nders being surveyed, your answers are very important 10 the
accuracy of this study. Tri-Met has hired an outside research firm 10 gather this information. You can be assured that
the information you Qive is confidentis!, and will only be used in combination with the answers from other rigers.

We would like you to complete the white part of the survey while on the bus and return it 1o the surveyor or place it
3;1 the box near the rear door. The yellow portion is to be completed as s00n as possible and mailed postage free 10

ri-Met.

THANK YOU FOR YOUR TIME AND HELP.

1. How many bus trips on the average do you usually take each week for each of the following trip purposes?
{PLEASE COUNT EACH DIRECTION AS A SEPARATE TRIP.) (Write your answer on the line. Put 0" il none.)

NUMBER OF NUMBER OF
WORK TRIPS SCHOOL TRIPS
NUMBER OF NUMBER OF
— SHOPPING TRIPS SOCIAL/RECREATION TRIPS
2. At what time do you most often ride the bus? (Circle the one number next to your answer,)
1 WEEKDAYS: RUSH HOUR 3 WEEKDAYS: EVENING/NIGHT
(79 a.m. & 46 p.m) (6 p.m.-7 a.m))
2 WEEKDAYS: MID-DAY 4 SATURDAY OR SUNDAY

9 a.m.4 p.m.) {ALL DAY)
3. What three bus lines do you ride most often?
NUMBER LINE NAME

4. How do you usually pay your fare? (Cizcie the number under the proper column,)

CASH BUS TICKET PASS

1 S .75(1 or 2.zone) 1 S 500(1.20ne) 1 $23(1- or 2.zone)

2 $1.00 (3-z0ne) 2 3 6.50(2-z0ne) 2 $32(3z0ne)

3 $1.25 (All zone) J S 900 (320ne) 3 $40 (All zone)

4 $ .50 (Youlh) 4  $11.00 (All 20ne) 4 $15 (Youth)

S5 $ .25 (Honored Citizen) S 24.Hour (All zone) 8§ $ 6 (Honored Citizen)
¢ Other 6 Other 6 Other

{F YOU PAY CASH FARES, PLEASE GO TO QUESTION #7
S. Where 90 you usually buy your pass or bus tickets? (Circle the one number next 10 your answer.)

1 DRUG STORE 5 PLACE OF WORK
2 7-ELEVEN STORE 8 BY MAIL FROM TRI-MET
3 BANK OR SAVINGS & LOAN OFFICE 7 SCHOOL
4 TRI-MET CUSTOMER ASSISTANCE OFFICE 8 OTHER
(PLEASE SPECIFY)

8. Are ticket and pass outiels more or less convenignt 107 you than before sell-service fare collection?
1 MORE CONVENIENT

2 SAME
3 LESS CONVENIENT
4 DONT KNOW
7. How much giscount, If any, 0o you think peopie should get for purchasing ten-ride ticketls in advance?
1 NO DISCOUNT 4 20% (or $1.50 on ten 2-zone rides)
2 5% (or 37¢ on ten 2-z0ne nices) 5 DONT KNOW

3 10% (o' 75¢ on 1en 2-z0ne rides)
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EXHIBIT A~5(cont.)

8. Please circle the rating number below which best describes your opinion of the following statements regarding

{are collection,

STRONGLY
DISAGREE
a. it is a bother t0 have the 1
correct change.
b. | don't like waiting while other people search 1
for their tare.
c. | am uncertain about time limits and 1
when | should pay extra tare.
d. I'm uncertain aboul where zone boundaries are 1
ang when | should pay extra fare.
¢. | have troudle understanding the information 1

printed by the maching on my ticket.

N NN

UNDECIDED

3

3
3
3
3

STRONGLY

AGREE

8a. What problems, if any, do you have with the mathod of collecting lares? (Write “none” if you have no problems.)

9. How many times in the last 30 days has your fare baen checked by a Tri-Met Fare Inspecior?

10. Do you think fares should be checked more Of less often?
1 MORE OFTEN
2 THE SAME
3 LESS OFTEN
4 DONT KNOW

11. Do you think more people or fewer peopie pay the correct fare with self-service fare than with the oid method of

collecting tares?
1 MORE PAY CORRECT FARES
2 THE SAME
3 FEWER PAY CORRECT FARES
4 DONT KNOW

12.  With the new equipment and rear-0oor boarding, 13 getting on and off the bus {aster or slower for you than with

the old tare coliection sysiem?
1 FASTER
2 THE SAME
3 SLOWER
4 DONT KNOW

5

5
5
s
5

13. in general, do you find sell-service fare coliection more or less confusing than the cid method of collecting fares?

1 MORE CONFUSING
2 THE SAME

3 LESS CONFUSING
4 DONT KNOW

14. Overall, is the new fare coliection sysiem better or worse {0f you than the old fare collection system?

1 BETTER

2 THE SAME

3 WORSE

4 DONT KNOW

15.  Are you:
1 MALE 2 FEMALE

16. Whnat ia your age?
1 15 OR UNDER 4 457064
2 W%TO024 S 6% OROVER
I 5704

17. What was your approximale {amily income in 19827
1 UNDER $5.000 4 $15,000 TO 324,999
2 $5.000 TO $9.999 $ $25,000 OR OVER
3 $10.000 TO $14.999

AGAIN, THANK YOU! PLEASE TEAR OFF THE WHITE FORM AND RETURN IT TO THE PERSON WHO GAVE IT TO
YOU OR PUT IT IN THE BOX NEAR THE REAR DOOR. PLEASE FILL OUT THE YELLOW FORM AS SOON AS
POSSIBLE AND MAIL (POSTAGE-FREE) TO TRI-MET. WE APPRECIATE YOUR HELP!

A-27



EXHIBIT A-6
13818

BUS RIDERS MAIL-BACK SURVEY

Your 1asponses 10 ine second poriion of this survey will heip us determing how well Ihe farg COIECIION Sysiem 13 work-
ng. Please hill out Ine 101I0wNG QuEstioNs as SO0N a3 DOSSIDIE ANY relurn, tree of postage, 10 Tri-Mel. Thank you!

0

How 00 yOu usually pay your tare? (Circle the one numper next 10 yOour answer.)
1 CASH {PLEASE GO TO QUESTION #2)
2 BUS TICKET (PLEASE GO TO QUESTION n)
3 BUS PASS (PLEASE GO TO QUESTION #3)

Why 00 yOu Day Dy Cash rather 1han buy 8 10-1i08 licket?

1 DONT RIDE THE BUS OFTEN ENOUGH TO TO BOTHER WITM A 10-RIDE TICKET
2 DIDNT KNOW 10-RIDE TICKETS WERE AVAILABLE
3 TICKET OUTLETS ARE NOT CONVENIENT T0 GET TO
4 | DON'T KNOW WHERE TO BUY TICKETS
$ TICKETS ARE TOO EXPENSIVE
8 ) LIKE USING CASH
T OTHER
“PUASE SPICTIY)
WhCh of the 10lIOwing 80 yOu think 1 De " 0 fares? (Circie all that apply.)
1 DISTANCE OF TRIP (PAY BY THE MILE)
2 TIME OF DAY (RUSH HOUR, NIGHT, WEEKEND)
3 ABLLITY YO PaY
4 AGE (UNDER & YEARS, STUDENTS, ADULTS, OVER 85 YEARS)
§ COST OF OPERATING THE ROUTE
8 AMOUNT OF TIME FOR THE TRIP
7 OTHMER
T n
Fares are 38t ac! \g 10 Ihe OB ¢ 3G the lime 1t takes 10 Make the thp. HOow Mmany zones would

you CONssoer Dest? (Circie ONne choce.)

ONE ZONE. the same fare fo everyons

TWO 2ONES tor erampie (8) ina0s Portiand; (D) ovisge Portiand

THREE ZONES. lor exampie 18) cowntown Portland, (D) mnside Portland: (c) ouisioe Porlland

FIVE ZONES 10r sxampie (8} COwNiOwn Portisng: (D) innerLily; (€) OulerCity: () Suburds (Such as Beaverion
o Grasham i9) Oultying areas (Such as Vancouver or Forest Grove)

$ SEVEN OR MORE ZONES Dased on aCtull Mules and munytes traveled

- W -

82300 ON yOUr nswer 10 ING 1851 QUESHION, Now MUCh 00 YOU think tares should increase for sach s0ditiona)
0n8?

T 809 46 30
2 810 $ 3825
3 518 & S=OULD NOT CHANGE

Has INE 1510 COHOCHION QQuUIDM@nt Sver 151000 10 wOTk DIODETly when yOu we'e ONn the Dus?
1 YES MOow many Limes wn the 1ast 0 Gays?
2 ~O
3 DONT xwnOw

Mow Many 1¥nes « the WSt 30 Gays §«d you AO! P8y yOur fare DeCause the tare equipment did not work? (Enter 0
1 thus Ras AO happened 10 yOu » the Last 30 Gays OF yOu uUse 3 pass)

M8 NONwOrRiNg 1818 SQWDMENt COVSSD & O0Isy M your IND W the last J0 cays?
1 YES Adovt how long? Menies
2 wO

lnmu;ywmlnﬂmuum!wnoon-mwmtnml.hwmnyoomlmmnmmlmcm-
rect tare

NONE (PLEASE GO TO QUESTION #12)

1-2

3-3

é-%

13.20

1 OR MORE

Of those DersOne w0 Doy 100 Ritig tare. wiy 80 yOU tenk they (3l 10 pay the correct tare? (Circle all that apply.)
THEY FORGET TO PAY

THEY DONT HAVE THE CORAECT CHANGE

THEY ARE CONFUSED 8Y TE 20WE SYSTEM

THEY BEE OTHERS CHEATING

THEY TrHINK THEY WONT € CHECKED BY A FARE INSPECTOR

THEY ARE Dr3HONEST PEOMLE

THEY JUST DONT mAVE THE MONEY

THEY ARE UNNAPPY WiTh SERVICE OR FARES

S e D WM

WE OO DN

OTHER
—edalLtorm
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EXHIBIT A~6 (cont.)

11, How €0 you [hink these peopie usually ungerpay therr tares? (Circie all that apply,)
1 INSUFFICIENT FARE FOR NUMBER OF 20NES TRAVELED

INSUFFICIENT FARE FOR LENGTH OF TIME TRAVELED

NO PAYMENT AT ALL

MISUSE OF HONORED CITIZEN OR YOUTH PASS

SLUGS, HALF DOLLAR BILLS, ETC.

FORGED PASS

NOWv»EUN

OTHER
T IPLEASE SPECIFY]
12, Which word 00 you think best cescribes 3 fare inspector?
1 FRIENDLY
2 INTIMIDATING
3 PROFESSIONAL
4 MELPFUL
$ NUISANCE

13.  Overall, how well 6o you leel 1are 1nspectors are 00ing their jobs?
GOOD

FAIR

POOR. Why?,

- W N -

RO OPINION

Folg rete

14.  Whal one penaity should tharg D8 10f DEODIE WO Jid Nt know 1Ny Paid Ihe wrong fare? (Circle Ine

ONE aumber nest 10 your answer.}

1 NONE $ FINED $5.00

2 ASKED TO PAY THE CORRECT FARE 6 FINED $20.00

J ASKED TO LEAVE THE BUS 7 FINED $50.00

4 ISSUED A WARNING 8 OTHER o

B 2 ¥ L L ——
15.  What one penalty shouid there be (or people who Gid NOt pay the correct fare on purpose? (Circle the ONE number
neat 10 your answer.)

1 NONE S FINED $5.00

2 ASKED TO PAY THE COARECT FARE 6 FINED $20.00

3 ASKED TO LEAVE TE BUS 7 FINED 3%0.00

4 ISSUED A WARNING 8 OTHER .

ﬁ!m F!E? )

16, Are you:

1 MALE 2 FEMALE
17. Wnat s your ape?

1 13 OR UNDER 4 STOM

2 IO $ 6508 OLDER

I X704
THANK YOU!

- ws FoOlO HEr® o= -

i

NO POSTAGE
NECESSARY
F U:IL!D

IN TE
UNITED STATES

Business Reply Mail

PLMuert WO A9 POATLAND, OR

FORTAOE Wi 8 PO By ADORESSEL

Tri-Mst Rider Survey
4012 S.E. 17th Avenue
Portiand, Oregon $7202
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0e-v

Dew Betovve Downilown Jrpveler

The Beflevue Trareporistion Managmrmend A {TMA]} and he Urdvarsity of Washanglon are
working 10 provide you with eddionsl sarvices 10 mehe your COmmRAS essler and more enjoystie Belore
deveinping new indormelion services and tachnologies, e would Ihe 1o get yous opivon on some
Impartant heuws

You are part of & select group of TMA-teg) d dowrdown Beb car- or vanpoolers who wre beig
sshed 1 compinte e loflowing g The resulis of Tus survey wil be wsed 1o design New services
hel wil make your cormevude sesier.

DIRECTIONS

There ere 3 sections in his survey Plesss compiele ol of #w sections The enlire survey takes aboul 10
minutes to complele Whon you have nished the survey, plesse ishum & wilh your carpool fegisirsbon
forvm in B postege-peid arwelcpe provided

SECTION Y
1. Now salsfed sre you wilh ridesharvg?
e A 0l Some Very wio
2 Why do you ride shave 7 PMsase chack yous most important ssason (Messs check only one |
—— Umployer or busing t Aized parking, ¢ d parking, ofhes)

(L 1]
Proter having sormeons 1o Wl in dueing conviude
e Preie: Iv ride with lemfy, Werus, of Coworkers
—__Salely &svy v comrmse

Save me becmse we can use the HHOV lanes

Seve money
Other (plesse iell us why)

3. How many deys per week do you tide share?
ToWork: _______ deys pas week From Work. days per wesk
4. When you donl rideshare, what aro the reasons 7 (Check af that spply.)

| slweys rideshare.
| need my cas (o personst srands 10 of kom work,
| need my car for work purposes.
el can work at home somelimes
| ptoter B cunvenience of haviig my own car
Ny schadhie ol work s Reniie or changes’ofien.
Other (plesse ol us wiyy)

—

. How would you ke lo be sbie 1o nolify 1 others?

0b~mnl~m..muﬂ,hhwumdﬁgmm7
To Work: —. POOPIS ) the cas OF van.

FromWok: ____ peoplein the car or van,

0o you fideshare with family are?

e | OVl ridestiore with Lamily mambers.
_rmmnmumu-uvmumuwmm.
§ don1 rideshare with sty larnlly members,

How do you pay lor your ride?

. By e monthy

———. PO wosh

—Pup

mtmm‘mwmnhmwmduv-w
Dythmmmﬂ-mqhmwwduvw
Oon’} pay, employer subeifizes aniive cosls

lmnsMMbmmomnmm.Mﬁmmuhth
your car- of vanpool?

In e vehicie the dey belors

Call other pooiers the g belre

Call olhwer poolery of work
s Ot (ploase toll us how)

mwmmmmuwmmmbMT
Prelerted
——— Ay home

. Al a Park and Ride Iot
—  Other (plasss describe)

1

8ECTION 2

Onlwm.huhghlﬁomb“mmnm.nMMhm1
mmummm»m.manmm.mnumunm.

From home lo work e NOMIS and minies
From work (o home — hours end _____ minutes
How long Is your commule? ____ miles

SAJANNS 1J3r0dd YITIAVIL I¥VHS INAITT134

{-V II9IHXd



£-v

How eflen ¢ you vary your work hours from dey (e day ?
F roquanty O y Nover

By how many mirutes can you very the e you currenily sian end loave work 7 i you can vary the
S, plosss chech none.

Stngwort ____ Mrates ___ Nome
loovbgwork. ____Mswies ____ Now

Which of the ol

) best duscrites your work schedhde?

Fined hours sel by employer
Flued hours of s own cholce
Vartable hows of my cem choxce
pm— T N T T )
T )
e OBt (plosne o W)

How anxcih does receiving Saliic Svormaton fram any of e S0rces Impact your convmsde?

Tetovision Al ___Some __ Verylita ___ Nolsiel
CorwnprciiRadin ____ At ___Some ___ Verylsae ___ Nolal ot
Sotaphone — At ____Sowe ____ Veylie ____ Nuisisd

e 1 GOnT recaive any Salic infarenafion from eny of he shove sources.
 you cheched sy of S above methods in Qusaton 6, wiel changes do yuu mehe?

p— YT
e Trange route
e GhOg® pichup loCaB0N
p— Y Y poriaion (For ple, fom pool 1o own car)
. Cont mahe any changss beceuss of nesds of ollwrs with me
. Ot {plosse lel us why)

W up-fo-the-minute kalc information weie svallable, would you use R 10 change your.

p— ]
. Route choice
o Pichup location
e Transporintion mode
.l can change anything because ol the needs of ohars with me
. Other (plesss lell us)

2
3
4
S.

Whal other kinds of informaiion or services deliversd (o your vehicle wauld make your comenule
mote pleaswrable?

tnstanianecus Wafic feporis thal include impacied arses with smount of delays
Siock markel taporis
Access lo your company's slectronic mall of voice mall sasvices
e PSS\ Y regarvalions and mens
Fleaitie schaduling of your ride & or rom work
e ROUIS guidance
e Ot (plosss tell us)

# you could pariicipale in 8 clity-sporsarad service hat lel you anenge lor didesharing on a bip-by-bip
basls, rether hun heving to join 8 scheduled van- or carpool with sel deparhre Simes lor an axianded
period ol ¥me, would you be inleresied?

You No
you d yes ® O 10, what & about Bl service woudd be important fo you?
{chech o st apply)

Tha sarvice would have o be Rexible.

o The sarvice would hevs 1o be very sale.

e The cost, il anyy, would have 10 be minimal.

e would want 1o know izl the olhet pariicipanis wete presciesned end cerified.
e | would have 10 know The olher pariicipants.
Ot (plesss el us why)

SECTION 3

What is your home 2ip code? Whatls your work tipcode?

Neyou ___Msle ___Femsle
Meyou ___ Marrisd .__Urinanried
Whallyowrage? _____

Wouid you be willing o be contacted lor 8 loliow-up ilerview sbout your cormsmule patiems 7 N so,
plesss M oul the ollowing Informalion. All informalion will be kept confidentisl.

Name
Ciyitp
Work phons Home phone
1 prefer 1o be contacied s work & e hours of ond
§ protar (o be contacied 8 home belween e hours of and
Check boith i you have no prefersnce.

Plessn foul lree i 8dd any addiional commenis you may have ahout ridesharing on 8 seperaie sheet.

Thank youl Pleasa refurn this survey with your carpool fegisiration in ihe snvelope provided,

(*3u0)) (-V IIGIHXA



(A% 4

Osar Salovvs Dewniown Traveler
lulmrmunwwumuhmuwmwn

thbww&muﬁ“ﬂmbuammm“momwu Belore

mmmmmw.nmubwwwmm
nportant heuss.

We oo suling pacpie whe work in e & Bab b Getict o p o

comemste hatsily mmuumnumuwmmmumom
commule sesler

DIRECTIONS
Thare sre 4 sechons ir Bis srvey The enire swrvey tshee st 10 mwastes te compivie Wiww: s
mw-lhw.mM-nlhmuvv’ dnske o v B p s paed pe
provided

SECTION ¢

1 o-mmumomu-ummm(um-umo-uqmumm

olher parsen?
e YOu (Plngee ship B sachion 3)
e, N0 (Pla88¢ conlinue with Seciion 2)

S8ECTION 2
1. Wy don you ride share? Plaese check your mosl important reasan (Please check only one )

S want bw of having my own car 1o nn personal ertends
— .| noud my own car 1o partorm work selak h
™ nol sure how o join or estableh © car. or vanpoal.
' (oo dficull 1o ervenge for o rideshare.
——— -t expationce less hassia/siraes when | lske my own car,
e | profer beiing alone during my commuste,
— . __liedl soler in my oo car.
Twanl he Eeiinly of delermining when | lsave 1o of from work.
Thers is na inceniive rom my employer or bukding 1o ride share.
Othar {plasas lell us why)

mvumwmmmm-mhmh.muvmr
Reduced parking costs
e ROnrved perking
Reduced tares ke vanpools or carpoole
e Assistance in inding & vanpoal of carpool
______Ilnnnovnmlmm-dmmm
el T T
Gueranieed ride home In en emergency
__Mu*mm“mmnnmmmqm
Abiky bo ge lor sh d rides on & casual besls (nol @ sel scheduie)
Othat (plessa o8 us why)

SECTION 3

m.mma,.m-mmnu-mugummummtunwunbmv
anmmmbw.hmu“mm.ml“mnn:m.

£ ram home 1 work: hours and iy
From work lo home. hours end

Iow long is your commuse? miles
1ow ofen do you vary yous work hours kom day io day?
Froquently Joceslonaly _______ Never

hmmmmmvmhlmmm.hiwbmwﬂlmmlvqln
me, plaase chack none.

Siatngwork: ____ Mmntes _____ None
Leavingwork: ____ Minutes —— None

Which of the loliowing bes! describes your work schedule?
Fined hours sel by employer

Fined hours of my ewn choice
Varisbie hows of my ewn choice

e ITOgAiar, no S0l paliom

e Rolaling shifa
e Ot (ploane tell us)

MMMMH&MdeMmmer

Velevision —Alkl __Some __ VeryLe ___ Nolatel
Commercal Radio __Alot __ Some —— Very LSs __ Not ol o8
Telophone —Alol _Some __ VeryLile __ Nolelel

—————{ donl raceive any Falic inlormalion irom sny of the sbove sources.

(*3u0)) [~V LIGIHXI



10

11,

 you cheched eny of v shove me®wds v Qusson 6, whel changes do you mehe?

e ThENQS daparire Ome
— Change raste

— Change pickup locelion
— Change mode of PO
. O (plesse tall us what)

(far wie, bom car 1o )

N up-1o-Te-minute belic Indormetion wers avalable, would you uss & 10 Change yous.

Ceparize Sima
pa— " T )
e Pictup icalion
Tranaporialion mode
— Ooe (plosse o )

What ofher hinde of -
mawe plases sbie 7

e ArdANScUS ollc rapors Bl INCAIIR SMpECind reas aath
Siock martel mports
A 8 yous compeny ¢
R roser o marnn
. Foniie scheduiing of yous nde 1o of from work
Route gadence
Othas (ploase ol W)

d bo your vehicie wind) mat @ yorr conemile

of dolays

¥ you could paricipele in & city-sponsared sarvice Bl let you arange for ndesharing an 8 ip by Wp
Sasis, (ather han having 10 join 8 schaduted van- of carpaol wnih sel doparkuste ines fos an stlomod

period of Sme, woudd you be inleresied?
Yoo No

¥ you snswered yes lo Question 10, wil feshues shoul his service would be important to you?
fchach o that spply)

The service would have io be flexible
. The service would have 1o be very sale.
The coat, i any, would have lo be minimal
1 wand 10 know thal the olher paricipanis wete prescisenad snd cerbfied.
et woud have lo know the ofhwe parSicipants.
Other (please lell us what)

—

Lo

BECTION ¢

Whal s your homae zip code? What s your work 2ip code?

ANeyou. ___Male ___ Ferrule
Neyou. ___Manted ___ Urvnartied
Whalls your oge?

Would you be witing to be conlacied lor » follow-up inferview sbout your commuste petiems? ¥ 8o,
please §8 oul the following inlormation. All informelion will be kepl confidential.

Name

Address

Cuyizp

Work plione Home phone
i proder bo be d ol work beh e hours of and
1 profes 1o be d ol home betwsen the hours of and

Chach ol § you have no praference.

Ace here any olher commanis you have shout ridesharing?

Thenk youl Plesse relurn this survey o your survey coordinalor of
in the postage paid envelope provided.

(*3uo0)) ([-V LILAIHX3



EXHIBIT A-8

WASHINGTON, D.C., SELF-ADMINISTERED POST CARD

BUS SURVEY

TO SUS RIDERS: Pleass haly b piaa youwr futwre bas &f mduay systams by elling us ABOUT UOCET BUSEaY
THE TRIP YOU ARE NOW TAKING. Drep completos carf In box 31 Soar or hang to &river, I you 0. Wead)
00"t Bave & pascil paw, 1he card c28 b maling Bea,
L 1. 9ot on this bus ot — — UnITED
faREST STRELT CORMER) CITY Of COmMIaTY)
2 1 heve ggme brom: Ohene Qwerk Oshepping  Drchosl  Dether STATES
3 Dhigplece | howe cons o is @ TADORESS OF WEAREST CORNEM GOVERNNENT
ICITY O COMRATT) NATIONAL
& lomporring oM this b0 @ e . N
SEARLIT STALET CORNED CITY OR COMMN Y ) lm‘L
S lonmubosddforr  Obeme  Owek  Dihepping  DOschesl  Cother ¢
& This ploce | om hosded b is @ T T T I L] TRANSPORTATION
N? 465003 T
(111
PLEASE FILL OUT SOTN SIDES - Asency
PLEASE FILL OUT 30TH BIDLS UNITED STATES COVEANMENT POSTACE
, _ NATIONAL CAPITAL AND FEES
- E-'.;Lv-'d;;:;; *;:‘ o DCe Poe TRANSPORTATION AGENCY PAID
Dtes - Dlros . Dlen o one BASNINGTOR, B.C. 20432 NCTA
L Mow will you got bua Bis bus o vhorw you oo OFFICIAL BUSINESS
hoeded:
D"n OHT.- e o p—y=]
L
Oce | Do o NCTA TRANSIT SURVEY
9. Orocl the nuaber of cos i pour bavsoheld: PO. BOX 9366
Neas 1 Co 2Ce then
Ot Dice Dices Do tonrs WASHINCTON, DC.
¥ YOU TRANSFER OR TNIS TRiP PLEASE 00 ROT 20008
TAKL ANOTMER CARD
TRANX YO8

SOURCE:

FEWA and UMTA, Urban “ass Transnortation Travel

Survezs , Exhibit 4-3.
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EXHIBIT A-9

1979 DOWNTOWN CROSSING BUS PASSENGER SURVEY

N? 2998

Please COMPLETE and RETURN this questionnaire before Yeaving the bus. This survey is being conducted for the Boston
Redevelopment Authority (BRA) 4n order to evaluate the recent changes made in the routing of this bus to serve the

Downtown Crossing Project.

Your cooperstion s spprecisted.

our questionnaire to the person who gave it to you when you leave the
:g:’:th::duﬁy uglboz {we will pay the postage). It s NOT necessary to sion this form or otherwise identify yourself,

bus. If this s not convenient,

Where did you board this bus? (Please
give nesrest street intersection or
Yandmark. )

Ttreet Tntersection or Tencmark

How did you get to this bus?
(PLEASE CHECK AS MARY XS APPLY)

Owarned [ meta Bus

In 8 cor DHB‘I’A Rapid Transit
B'rui [ other (specify)
O comuter

Train

6. Where will you go after leaving this
bus?

[ Home
[ schoo
Dvork

([0 shosping

[ Personal Business
[0 sectavRecrestional
[ tedica)/Denta)

D Other:

11, Before September 1, 1978, how often
did you travel to the place from
which you are now coming?

[ ress often than you do now
[ more often than you do now
[TJ About the same as you do now

7. Your final destination after leaving
this dbus is located in:

Uity or Town (I Boston, please
specify the neighborhood)

8. How many days per week do you normally|
ride this bus {8 bus on this route)?

12. What type of fare will you pay on
this bus today?

DMult cash fare

[ stucent haif-fare

[0] student transfer

[ ergerty narf-fare

[J andicapped hatf-fare

Would you please give the estad)ismment name, street address, Or nesrest intersection, and the value of any purchases

that you made?

fame andlocetion of Establishments

3. Where did you come from before boarding
this bus? wot on a  []3 days a week [] Prepate META Pass:
tar dasis
Home Personal Business regv LeWnich type of pass do you have?
0 szi VRecrestionsl [0 doy o week [J4 dors & weet (Took for the letter on the left
[ work [ seciaVRecrestion D)z aays o weesLJS or more days side of your pass and CHECK ONE]
D School DM‘CI]/D‘I\“‘ a week DA Dl Dc DD DE DF
hoppi Other X
D Shopping D g. On September 1, 1978, the routing of Other:
1 N
4. The place you came from i3 located st: ::Q‘D:::t;‘ gr:;'g::;:r::“';.:::' 13. Are you employed in the downtown
: ares of Boston? (DO NOT INCLUDE
the rouling chanae was made. now PSP | BACKBAY AS PART OF DOWNTOMN BOSTON)
L
Tireet Aaoress or hearest Intersection ::{: ;u::' o4 you normaily ride D YES D NO
[ never roce 2 cays 2 week e, wrs
. t {3 your age?
Tity or Town the dus D ) days & week
noton sS4 gays s week [ under 16 [Jes - 59
5. How will you get to your fins) desti. regular basts 4 D)6 - 2 Dleo - 64
nation after leaving this bus? (PLEASE ' e o [J 5 ormore days a week
CHECK AS MANY AS APPLY) [ oy e wee Das-u [Oes or olger
10. Sefore Septemdber 1, 1976, how did
D““ D“" Bus you travel to and from t;! place 15, What is the combined annual income
D in a Cor D MBTA Rapid Trangit :r- whiCh you are nOw }uvenmg? of your entire household?
CHICK AS MANY AS APPLY
O rass O otner [ Less than $ 6,000
errtald 3016 nox mare 8;" Lo £ s 6.000 - $10,999
a
[) same bus Duettee (] $11.000 - 515,999
] s16.000 - $27,000
Another M8TA Dm"f.
bus : [ Over 327,000
D "8 A Napid
Transit/Trol ley
RE. We are very interetted in sny stores, restaurents, or other business estadlishments that you visited in Boston toddy.

Yalue of No Purchases
Lurchases Hide

$ a

8.

». s =
s O

c.

THANK YOU FOR YOUR COGPLRATION. We welcome your svggestions for ways in which this bus service can be improved.
Please use the space provided delow or the reverse s1de of the card for your comments,
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EXHIBIT A-10

RECOMMENDATIONS FOR QUESTIONS ON BOARDING
AND ALIGHTING POINTS
(For User Surveys Only)

QUESTION FORMAT

1. "Where did you board this (vehicle)?"

Nearest Street Intersection

®
2. "Where will you (did you) get off this (vehicle)?"

Nearest Street Intersection

RESPONSE CATEGORIES

Respondent should specify nearest street intersection. Coders
can then translate street address to codes representing bus
stops or, if a less fine-grained analysis is required, zonal
codes.

COMMENTS

Question format contains parentheses to indicate where site-
specific modes might be substituted.

*The use of "will you" or "did you'" depends on whether the
survey is filled out while the respondent is on board the
vehicle or completed later and returned by mail.
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EXHIBIT A-ll
RECOMMENDATIONS FOR QUESTIONS ON TRIP ORIGIN

QUESTION FORMAT

la. "Khere did this trip begin?"

Street Address, (City, Zip (ode

2. "Is this place --- (check one)"

(3 Bome
[ Place of employment

O School
O Retail/commercial establishment

O Social-recreational facility
O Medical facility

{0 Personal business site

0 Other (specify)

RESPONSE CATEGORIES

Use categories given under "Question Format" or, if the main
purpose of the question is to distinguish work vs. nonwork
trips, use the following categories:

O Home
D Place of employment
O Other

Respondent should specify street address. Coders can then
translate street address to zonal codes, or addresses can be

geocoded using the Census Bureau's TIGER files and address
program.
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EXHIBIT A-l2
RECOMMENDATIONS FOR QUESTIONS ON TRIP DESTINATION

QUESTION FORMAT

1. "What is (was) the final destination of this trip?"

Street Address, City, Zip Code

2. "Is this place --- (check -.one)"

O Home
O Place of employment

0O School

O Retail/commercial establishment
O Social-recreational facility
{JMedical facility

O Personal business site

Dother (specify)

RESPONSE CATEGORIES

Use categories given under "Question Format" or, if the main
purpose of the question is to distinguish work vs. nonwork

trips, use the following categories:

O Home
O Place of employment
O Other

Respondents should specify street address. Coders can then
translate street addresses to zonal codes, or addresses can
be geocoded using the Census Bureau's TIGER files and address

program.

Another option, for interview surveys, is to have the inter-
viewer show the respondent a map with numbered zones super-
imposed, and ask the respondent to identify the destination
zone.

COMMENTS

The question classifying nature of trip destination, in com-
bination with a question classifying nature of trip origin,
is a better indication of trip purpose than a question
explicitly asking trip purpose, which can be confusing to
persons making multiple-purpose trips.
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EXHIBIT A-13

RECOMMENDATIONS FOR QUESTIONS ON
TRIP START AND END TIMES

QUESTION FORMAT

1. "What time did you begin this trip?"
A.Ml
P.M.

2. "What time did you arrive at your destination?"
AM,
P.M.

RESPONSE CATEGORIES

Depending on the survey objectives, beginning/ending times
can be used as given to compute total trip times, or they
can be coded using categories such as A.M. peak, midday,
P.M. peak, nighttime.

* With personal interviews onboard vehicles, it is not possible
to ask time of arrival at destination.
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EXHIBIT A-14

RECOMMENDATIONS FOR QUESTIONS ON ACCESS MODE
TO TRANSIT VEHICLE

QUESTION FORMAT

1. "How did you get from the place where this trip began to the
(place) where you boarded this (vehicle)?"

2. "How will you (did you) get to your destination after
leaving this (vehicle)?"*
RESPONSE CATEGORIES
U.S. Census Recommended
Private auto, driver Park 'n' ride

Private auto, passenger Carpool
Kiss 'n' ride

Bus or streetcar e (if rflevant.

Sa
add dialca-ride

Subway, elevated train, railroad Same

Walked Same

wWorked at home Omit

Taxi Same

Bicycle or motorcycle

Other } Other
COMMENTS

Question format contains several parentheses to indicate
where site-specific modes and locations might be substituted
to make the question more relevant. The same principle ap-
plies to the recommended response categories; the above list
is suggestive and needs to be adjusted to site-specific con-
cerns such as measuring the number of auto passengers for
‘evaluation of a carpool encouragement program.

*The use of "will you" or "did you" depends on whether the
survey is filled out while the passenger is on board the
vehicle or is completed later and returned by mail.
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EXHIBIT A-1l5

RECOMMENDATIONS FOR QUESTIONS ON WHEN
PRESENT MODE WAS FIRST USED

QUESTION FORMAT

For User Surveys

"When did you begin to use (specify service) regularly
for the trip you are now taking?"

O not applicable, or

month year

For Non-user Surveys

"When was the last time you regularly used (specify
service) for the trip you are now taking?"

O not within the last 5 years, or

month ~year

For Non-user Surveys in Which Carpoolers and Those Who
Drove Alone are Given Separate Questionnaires

For Carpoolers:

"When did you begin to regularly use this carpool for
the trip you are now taking?"

O not applicable, or

month year

For Those Who Drove Alone:

1. "When was the last time you regularly used
(specify service) for the trip you are now taking?"

O not within the last 5 years, or

month year

2. "When was the last time you regularly used a
carpool for the trip you are now taking?"

O not within the last § years, or

month year
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EXHIBIT A-16
RECOMMENDATIONS FOR QUESTIONS ON FORMER TRANSPORTATION MODE

QUESTION FORMAT

"How did you make this trip before (specify service)
was available?"

RESPONSE CATEGORIES

U.S. Census Recommended

Private auto, driver Same (indicate
total number of
occupants)

Private auto, passenger Same (indicate
total number of
occupants)

Bus or streetcar Same

Subway, elevated train, railroad Same

Walked Same

Worked at home Omit

Taxi Same

Bicycle, motorcycle

Ochr } Other

COMMENTS

The responses will have to be tailored to include particular
local transportation alternatives. For instance, it might
be desirable to obtain information on former auto occupancy
levels for ex-drivers/passengers.
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EHIBIT A-17

SET OF ATTITUDINAL QUESTIONS ON TRAVEL BY TRANSIT AND AUTO

YOJR OPINION OF TRAVEL BY DIFFERENT MODES

4. On the scales below, please indicate your general opinion of car and bus travel

for {vcal travel.

Base your opinion on what you have experiencod or have
heard about local travel by each mode froam the user's viewpoint.

Even though you

may not use the bus, you probably have some perceptions of what this form of
travel is like; you don't need to have tried. something in order to be able to

express some general opinions.

To indicats your opinion, look at the descriptive scales below, each of which
allows for a range of opinions on a particular characteristic, such as COMFORT.
Then, mark what you consider to be the single most appropriate description on each

scale by circling the relevant number.
thought cars were a very comfortable form of travel for

For mmco. on the COMFORT scale, if you
local travel, you

would circle "1" on the acale on the line for cars; however, if you thought they

were a slightly uncomfortable form of travel, you would circle 4%,

TRAVEL

CHARACTERISTICS

COST OF TRAVEL

ENJOYABLENESS

SPEED ON NON-

COMMUTE TRIPS

CONVENTENCE

STATUS

SPEED O

COMMUTE TRIPS

COMFORT (Seats,

Noise, u‘.' ete,)

MODERNITY

SAFETY

SIMPLICITY

PUNCTUALITY

Inexpensive
Enjoyable
Form of Traval
Fast
Convenient
Form of Travel

High Status
rorm of Travel

Fast
Comfortable
Modern Fora

of Travel

Safe Fomm
of Travel

Sinple t Use

Car
Bus

Car
Bus

Car
Bus

Car
Bus

Car

Bus

Bus

Bus

Car
Bus

On-Time Arrivals Car

Bus
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EXHIBIT A-18
SET OF QUESTIONS ON GENERAL ATTITUDES OF THE POPULATION

YOUR OPINIONS ABOUT LOCAL GOVERNMENT

Everyone has different ideas about the kinds of things local government should be
most concerned about. Below is a list of different things the government might
do, Please indicate your feeling about how much the government should do of

each activity,

About
Much Slightly the Slightly Much
Government Activities more more same less less
1) M“C.c:ineooa-cooaooo--.o M n ] b L
i1) Reduce environmental pollution. « « « o » M o s 1 ) A
1i1) Provide low-cost medical care for all . . M o s 1 L
iv) Control population gxowth o ¢ ¢ o o « =« = M o s 1 L
v) Provide more housing for low to medium
income families . ¢ v « ¢ a0 s 0 e e 0o M o ] 1 L
vi) Insure equal copportunity for women. « « « M m s 1 L
vil) Provide consumer protection . ¢« o« ¢« ¢+« M m s b L
viii) Add to and improve the freeway system . . M n s 1 L
ix) Increase direct aid to the poor & ¢ o o = M n s b § L
x) Improve bus service and other forms of
public transportation « « ¢ o ¢ o ¢ o o o M n s b § L
xi) Have more parks and outdoor recreation
BTCAS o o ¢ ¢ ¢ o ¢ ©» o°s s o 6 6 06 o0 » M n ] 1 L
x4{) Improve the public schoolZ. o s o o« =« « o M n s 1 L
xXiii) Reduce LaXeS. ¢ ¢ ¢ o © 0 ¢ ¢ ¢ o o «a o » N s 1 L

(a) Which one of the activities do you feel is the most important for the government

to do? Just give the letter,
Most important

(b) And which do you feel is the next most important?
Next most important
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EXHIBIT A-18 (CONT.)

YOUR OPINIONS ON TRANSPORTATION AND PERSONAL TRAVEL

Below are listed a number of statements relating to transportation facilities and
personal travel; you will probably agree vith some of them and disagree vith others.
Please ansver by circling the letter which best represents your feeling about each
of the statements, accerding to the following codes:

A ) © d D
Deans means seans neither . seans neans
Strongly Agrees Agree Somevhat Agree nor Disagree Disagree Somewhat Strongly Disagree

I such prefer driving a car to being & passenger in ONC....ccccecocsascoccccsccscsA80dD
It's tine measures wvere taken to discourage auto usage in downtown . ......AB0dD
1 really can't see much of a future for public transportation....ccvevvecessscsces.Aao0dD
I could manage without a car for 8 fev months $f T had £0.cccveriececnccscscesecosABOd

People would use public transportation a lot more if fares were lover..............Aa0d

v O o

1'd much rather pecple sav me arriving at work by car than getting off s bus.......Aa0d

1've never really bothered to find out details of vhat public transportation
services are available aTO0UNd RETR....cicvesrscncuesssassenscssrscsctsassascesscscccA 8 0d

-]

1]

A lot of my friends and acquaintsnces juége people by the type of car they drive...Aa o d
1t's important that my home be close to good public transportation services........Aa o0 d
Government investments in mass transil are & §ood way to help reduce air pollution.A a o d
1've got bad menories of public traNSPCrlATION..ccuversrerrsnvrarcnssavescsnsasessocA B8 0d
Everyone has a right to drive his car just a5 2uch 88 he wantS...cccvevecessrsccsA B O d

Public transportation is no use at all {or journeys outside commute hours..........Aac d

v 9 v o o o

1 €nJOoy ATIVING VETY BUCR..c.crreceooersenasosncncasoscasssssssssasssncaraseacnaccssh80d
1t would herdly seem proper for someone in & top job to commute By bus.......c.c...A a8 0d D
1 hate to be tied to fined schedules fcr Ttraveling...ccveevereestacacncaccsaccascscAaodDd

1 might use public transportstion mscre often if it were simpler to obtain
information about TOULES BNE BChEOU ES. . ccocvereroreasssscsossencsnsansccncssscnsccshA 8 0dD

Traveling by public transportaticn is sc such sore relaxing than driving...........Aa04d0D
1 often worry sbout being invelved in a bsd car aCCident....ccovcccannrcsorsscccescA 8 0dD

1'd never travel regularly by any ferw e¢f putlic transportation, no matter how
such they improved the service............. teeseresessnsesssncssanccsssnccencsscsscA B8 08D

The ides of carpocling doesn’t 80pes] 10 P.......cscccucccescsccnsssscecsorcceshB8 0dD

There should be a greater emphasis on develoring improved public transportation
systens and 1ess 0N DUlCing fTeewaYB..cvvuiereerenccasosvscnsaasossanasssessceesA S 04

1°m alvays glad of an excuse to tahe 2y car Out 1Or 8 dFiVE..ciceruovnarscncesecA 8 0 8

-
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EXHIBIT A-19
RECOMMENDATIONS FOR QUESTIONS ON RESPONDENTS' SEX

QUESTION FORMAT

A. For Self-Administered Surveys

"Are you ---

O Male O Female
or
"Please indicate your sex"
O Male O Female

B. For Interview Surveys

Respondent's sex is noted by the interviewer.

TOFE VY WY DL R
i e lnam T e e
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EXHIBIT A-20
RECOMMENDATIONS FOR QUESTIONS ON RESPONDENT'S AGE

QUESTION FORMAT
"To what age group do you belong?"

EJ\\ .
0= Categories (see below)

7

RESPONSE CATEGORIES

U.S. Census Recommended

Under S
5-9 .
10-14
15-19

Under 20

35-39
40-44
45-49
50-54
§5-59
60-64
65-69
70-74
75-79
80-84
85 and over

45-64

65 and over

20-24
25-29
30-34 20-44

COMMENTS

The recommended response categories represent the minimum
stratification of data to be collected about age. Age
Tesponses can be further stratified according to the U.S.
Census categories, depending on the survey objectives and
the expected age distribution of the respondent population.

It is important to use the phrase "age group" in all ques-

tions about age to minimize the respondent's resistance to
this question.
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EXHIBIT A-21
RECOMMENDATIONS FOR QUESTIONS ON RESPONDENT'S INCOME

QUESTION FORMAT

"What is the combined annual income of all meﬁbers of
your household?"

Eg:::? Categories (see below)

7

RESPONSE CATEGORIES : (RECOMMENDED)

Less than $10,000
$10,000 - $19,999
$20,000 - $29,999
$30,000 - $39,999
$40,000 - $49,999
$50’000 - $59’999
$60,000 - $69,999
$70,000 - $79,999
$80,000 - $89,999
$90,000 - $99,999
$100,000 and greater

COMMENTS

The recommended response categories represent the minimum
stratification of income data. Responses can be further
stratified according to the U.S. Census categories, depend-
ing on the survey objectives and the expected income dis-
tribution of the respondent population.

For interview surveys, asking a respondent to point to one
of the above categories on a card facilitates handling of
this often sensitive question.

It is important to use the word "annual” or "yearly" in order
to obtain responses on a consistent basis. Moreover, if
deemed appropriate, the question can be phrased to refer to
the most recently ended calendar year.
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EXHIBIT A-22

RECOMMENDATIONS FOR QUESTIONS ON AUTO AVAILABILITY
(For User Surveys Only)

QUESTION FORMAT

"Was a car available to you for this trip?"

RESPONSE CATEGORIES

""Was a car available....?"
O Yes, and without inconvenience to others.

O Yes, but with inconvenience to others.

G No.

COMMENTS

Information on the availability of a car for a specific trip
or time period is the most direct way of determining auto
availability and its possible influence on mode used.
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EXHIBIT A-23
RECOMMENDATIONS FOR QUESTIONS ON AUTO OWNERSHIP

QUESTION FORMAT

"“"How many cars are owned or operated by members of
your household?"

RESPONSE CATEGORIES

U.S. Census Recommended

0 cars O None, or auto(s)
1l car

2 cars

3 or more cars

EXHIBIT A-24

RECOMMENDATIONS FOR QUESTIONS ON WHETHER RESPONDENT HAS
DRIVER'S LICENSE

QUESTION FORMAT

"Are you a licensed driver?"

RESPONSE CATEGORIES

“"Are you ...."

O Yes 0O No
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EXHIBIT A-25
RECOMMENDATIONS FOR QUESTIONS ON RESPONDENT'S OCCUPATION

QUESTION FORMAT

1. "Are you "
O Employed
O Student
O House Spouse
O Retired
O other

2. "If you are employed, describe briefly the kind of
work you do."

CODING CATEGORIES FOR QUESTION 2

U.S. Census Recommended
Professional, technical and The survey form
kindred workers should contain a
Managers and administrators, blank space for an
except farm open-ended description
Salesworkers which can later be
Clerical and kindred workers coded using the
Craftsmen and kindred workers U.S. Census occupa-
Operatives, except transport tional categories.

Transport equipment operatives

Laborers, except farm

Farmers and farm managers

Farm laborers and farm foremen

Service workers, except private
household

Private household workers

COMMENTS

Question 2 should be included in the survey only when there 1S
a very specific reason for using employment data. In order to
perform the coding for question 2, it is necessary to obtain a
description of the type of work actually done as well as job
title.
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EXHIBIT A-26

RECOMMENDATIONS FOR QUESTIONS ON RESPONDENT'S
EDUCATIONAL LEVEL

QUESTION FORMAT

For All Surveys
"What is the last grade (or year) of regular school
you (he/she) attended?"

O
7

(asked for each household member in dwelling unit survey)

Categories (see below)

RESPONSE CATEGORIES

U.S. Census Recommended
None No Formal Schooling

1-4

5-17 :} Grade School

8
High School: 1-3 Some High School

4 High School Degree
College: 1-3 Some College
4 years or more College degree or higher

A-52



EXRIBIT A-27
RECOMMENDATIONS FOR QUESTIONS ON LENGTH OF RESIDENCE

QUESTION FORMAT

"When did you (your household) move to your present
residence?”

RESPONSE CATEGORIES

U.S. Census » Recommended
1989-1990 O Not within the last § years, or

iggg:{ggz month year
1970-1979
1960-1969
1959 or earlier

COMMENTS

The recommended response categories represent the minimum
stratification of data to be collected about length of
residence. Responses can be further stratified (for greater
than § years), depending on the survey objectives and the
expected residency level distribution of the respondent

population.
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APPENDIX B
STATISTICAL METHODOLOGY

This Appendix presents guidelines relevant to determining appropriate sample sizesfor
data collection as well as the subsequent analyses.

The determination of appropriate sample sizes and data analysis requirementsis a crucia
aspect of planning for data collection, since in genera this phase involves scoping the level of
activity related to collection of project-specific measures. Just as failure to plan the basic
evaluation approach will mean not having the proper framework in which to observe and
evaluate the operational test, failure to plan or improper planning of sample size requirements
and data analysis procedures will threaten the ultimate statistical validity and usefulness of
project results. An insufficient quantity of data, whether due to no planning (i.e., haphazard
data collection) or to an underestimate of needs, will be manifested in the loss of potentially
valuable analyses and/or alossin accuracy and validity of the analyses based on the data. On
the other hand, excessive quantities of data will mean the unnecessary expenditure of funds and
possibly the sacrifice of other data items which could be useful but which are beyond a
constrained budget. Theintent isto obtain an appropriate balance between analysis requirements
and resource availability. It should be remembered that small samples, if they are well planned,
can yield useful and interpretable data.

B.I DEFINITIONS

To assure a complete understanding of the concepts presented in this Appendix, as well as
those identified in the references thereto, the following terms are identified:

(1) OBSERVATIONAL ENTITY or ELEMENT - Anindividua item in a set of items or
responses, each of which is identifiable by one or more measures.  Examples of
observational entities are automobiles, vehicles, persons, time periods.

(2) POPULATION or UNIVERSE - A finite or perhaps very large collection of
observational entities. A population is usually a group about which inferences are
desired. Examples of populations would be all those vehicles on a corridor leading to the
central business district during AM peak periods, al those persons within 15 minutes
access time of the transit system, or all users of a service.
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(3) SAMPLE - A finite subset of observational entities drawn from a population. Samples
can be drawn by appropriate procedures which will permit inferences to the population
from which the sample was drawn or they may be obtained by non-controlled devices.
Examples of samples would be some of the vehicles passing a given screen-line during
a specific time period, or a subset of those individuals within a service area.

(4) OBSERVATION - One or more measures which describe the observational entities
included in the sample either directly or derived from measurements, such as travel times
Or passenger counts.

(5) POPULATION PARAMETER - A specific descriptive characteristic of a population
assumed to be constant at any moment or period in time.

(6) SAMPLE STATISTIC - A summary value obtained from a sample observation, usually
descriptive of the sample but desired for purposes of making inferences about the
population or changes in the population parameter.

B.2 DATA ANALYSIS DETERMINATION

It should be evident that a major intent of using samples is to make inferences about
changes in transit system characteristics or in the attitudinal/behavioral characteristics of the
community being served.

Before estimating sample size requirements, it is necessary to determine the appropriate
types of analyses to be performed (i.e., What will be done with the data once they have been
collected?) . Types of statistical analyses which can be performed are numerous. As agenera
guideline, it is essentia that the evaluations for APTS projects be confined to fairly fundamental
types of analyses (i.e., involving the calculation of means, standard deviations or variances,
proportions, ratios, and ranges). Suggested statistical techniques for performing these analyses
are discussed later in this Appendix.

More sophisticated statistical methods, such as multiple regression, factor analysis, and
discriminant analysis may also be applicable in the current generation of APTS projects. As
more experience is gained with the data collected during these projects, it may be possible to
ingtitute some of the referenced multivariate techniques.

The use of a simple analytical framework will have three main advantages. (1) the
results will be expressed in numerical terms that have a direct relation to specific project
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objectives; (2) the evaluation results will be meaningful to awide audience; and (3) the results
of aparticular project can be more easily compared with those of other projects.

The types of statistical analyses which can be performed and the appropriate equations
and tables to be used in performing these analyses and determining sample sizes are presented
in an organized, thorough manner in M.G. Natrella, Experimental Statistics, National Bureau
of Standards Handbook 91, August, 1963.B-1 Included in this handbook are procedures for
estimating average performance from a sample, estimating variability of performance for a
sample, comparing two or more samples with respect to average performance or variability of
performance, characterizing the functional relationship between two variances, and comparing
samples with respect to discrete classifications such as income, mode of travel to work, etc.
Two other excellent references are given at the end of this Appendix. Since most of the specific
equations to be employed in dealing with these situations are clearly presented in Natrellaand
other commonly used statistics reference books, the remainder of this section will be devoted
primarily to adiscussion of some of the statistical considerations by the contractor.

Of the numerous cases presented in Natrella, the following basic set of underlying
questionsis considered applicable for APTS projects:

If estimates of population parameters only are required:

(1) What is an estimate for the average value (mean) of the measure (et X represent the
measure)?

(2) What is an estimate for the variability (variance or standard deviation) of the measure?

(3) What is an estimate of the proportion of units that have a given characteristic?

If comparisons between two groups (e.g., before vs. after, test vs. control) are involved:

(1) What is the difference between the average value of the measure, X, for group A and the
average vaue of the measure, X, for group B?

[B-1} The contractor is encouraged to obtain a copy of this book, since it is referenced throughout this section
of the guidelines as a source for tables, equations and other materials. It is available through the
Government printing office and was reprinted in 1983.
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(2) Same question as (1) except applied to the variability of the measure in groups A and B.

(3) Same question as (1) except applied to proportions of some discrete measure in groups
A and B.

The same types of questions can be asked when there are more than two groups (time
periods) involved inthe comparisons. Here, however, the methods for analysis become more
complex, and greater care must be exercised in selecting and applying statistical techniques.

In connection with addressing the question “ What is the value. ..?" or “ What isthe
difference. . ..?" it isrecommended that results be given in terms of confidence intervals rather
than tests of significance. By presenting aconfidence interval (an interval which containsthe
true parameter, or difference between two parameters, with a known probability), the
decision-maker can interpret the magnitude of this interval whether it be for an estimate of a
population parameter or for the difference between two parameters. On the other hand, if a test
of significanceis used, the interpretation of non-significance and significance becomes somewhat
more difficult in terms of relating these inferences back to the project objectives. In some
instances where sample sizes are fairly large, differences that can be significant from a statistical
viewpoint, may have little practical significance attached to them. Statements on statistical
significance may be made but the practical implications must be considered.

It will generally be adequate for the contractor to report two-sided confidence intervals
for astated confidence level.

B.3 SAMPLE SIZE DETERMINATION

As long as appropriate sampling methods are applied, the accuracy of a statistic computed
from a sample will be greater with a larger sample size. However, this relationship can be one
of diminishing returns for very large sample sizes. Moreover, there is a cost, in time and
money, which serves as a constraint on sample sizesin each APTS project. The key aspect of
sample size determination is finding the proper balance between desired accuracy and cost: on
the one hand, the sample should not be so small that the results lack the required accuracy;
conversely, the sample should not be wastefully large.
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In Section 3.3, variable stratification (the categorization of collected data by such factors
as time of day) was discussed. It was mentioned that the data collection activities should be
planned with the finest level of stratification consistent with constraints of time, cost, and
acceptable accuracy and confidence. It isimportant that this determination of desired level of
stratification be made as early as possible, since, from the statistical point of view, the sampling
plans must include sufficient data in each category of interest for which cross-tabulations are to
be performed, The formulasfor determining sample size must be applied with respect to each
category, so that the appropriate quantity of data is collected for each one. Clearly, an attempt
at further stratification after the data has been collected would reduce the accuracy and/or
confidence associated with these new sub-stratifications.

The appropriate sample size formula depends on the type of dtatistical analysis to be
performed. Sample size formulas applicable for calculating means, variances, proportions, €tc.,
are given in the references at the end of this Appendix, so the following discussion will be
somewhat general. The sample size calculation process should be viewed as providing input for
the broad scoping and planning of the data collection effort. The specific sample size values
obtained from the formulas should be taken as rough indications of lower limits for data
collection, rather than as precise targets or cut-off points. Prudent expansion factors should be
applied to the calculated sample size values so that the ultimate amount of usable data (i.e., the
net sample size after the collection activities and editing) is sufficient to yield results with the
desired level of precision and statistical accuracy, and allows for unforeseen stratification. As
data is collected, it should be possible to modify sample requirements for subseguent phases of
a project.

As has been mentioned earlier, it is desired to have results presented in the form of
confidence intervals. Determining the sample size for calculating a confidence interval requires
three input factors:

(1) The desired confidence level,
(2) Anestimate of the variability in the population, and
(3) Thedesired precision of the results.
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The confidence level of a statistical calculation (1-a) can be defined as the proportion of
samples of size n for which the calculated confidence interval may be expected to contain the
true value of the population parameter being estimated. For purposes of obtaining a conservative
sample size estimate, it is recommended that the value a = .05 be used.

An estimate for variability is usually taken as the standard deviation. It is desirable
initially for this value to be an overestimate to allow for a conservative determination of sample
sze. Whileit is preferable to have some prior knowledge about the variability of those
measures to be collected, Natrella (ages 2-8 to 2-10) gives an excellent approach for cases
where the true standard deviation is unknown.

Determination of an acceptable level of precision is perhaps the most difficult input
factor. In the case of estimating means, variability measures, and proportions, the task isto
determine the acceptable accuracy, say d, for each confidence interval. The sample size
calculated on the basis of a prescribed d and a = .05, reflects an acknowledged (permissible)
risk that 5 times in 100 the real precision will be worse than d.  In the case of estimating the
difference between means or between other statistics, the analogous task is to specify the
absolute value of a minimum desired detectable average difference 6. Here, too, if a=.05,
then the sample size will reflect an acknowledged risk that 5 out of 100 times the true difference
between the two groups being compared will exceed 6.

In establishing values for d and o, consideration must be given to the problem of trading
off the cost vs. benefits of increased precision.  The cost of increased accuracy can be seen as
the marginal amount of time and money needed to collect an additional sample unit. The
benefits of increased accuracy can be viewed in terms of additional confidence in the results of
a particular project and the consequent willingness of FTA to make policy and funding
recommendations on the basis of these results. Clearly, FTA does not want to encourage cities
to implement APTS innovations which have only a negligible impact on the quality or usage of
transit service; this would argue in favor of setting relatively large values of d and 6. On the
other hand, there is a desire to learn whatever possible about the effects of implementing new
techniques; if the minimum detectable difference is set too large, the resultant sample size may
be too small to detect the existence of minor, possibly unanticipated changes which might be of
interest.
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Working with the cognizant FTA and Volpe Center professionals, the contractor should
indicate the value of d or o0 selected for each measure to be collected, and should explain the
rationale for choosing the particular value in terms of the cost-benefit considerations discussed
above. Issues concerning sample size determination and precision are discussed in Sampling
Techniques, by W. G. Cochran.

B.4 DATA COLLECTION

Once the minimum sample size for each stratification category of each sampled measure
has been determined using the appropriate formula and the above three prescribed input factors,
the data collection phase can be implemented. As was mentioned above, the contractor should
apply a prudent expansion factor, to the minimum sample size to obtain atarget sasmple size.

Field observations should be scheduled for a sufficient number of days to collect the
target quantity of sample units. In most cases, the scheduling of data collection will present no
particular problems: the required number of “representative” days can be designated, as well as
alternate dates to be used in the event of unusual weather conditions or other atypical
occurrences on the planned dates. However, there may arise a situation where the day-to-day
variability is known or suspected to be significant in relation to the variability within aday. In
this case, arbitrary spreading of the data collection phase over several consecutive days may
adversely affect the inferencesto be made. Depending upon the project objectives, it may be
more appropriate to schedule data collection for consecutive weeks on a particular day of the
week (the most representative day) B2

B.5 ANALYSIS METHODS

Since numerous statistical methods are available, the balance of this Appendix discusses
afamily of statistical techniques which will be appropriate for project analyses. The measures
which will be collected and utilized to assess achievements of project objectives can be classified

[B-2]  The preceding discussion deals with day-to-day variability with a known pattern. In the unusual situation
of day-today variability which exceeds within-day variability and does not follow a particular pattern, the
target sample size must be calculated according to different procedures, which give a number of sample
days as well as a number of samples per day.
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as discrete or continuous. A discrete measure is one which can assume only a fixed and known
set of values. Examples of such measures would be counts of numbers of vehicles and
passengers, responses to qualitative questions and classifications of survey responses into
categories such as yes/no. Continuous measures may assume (in theory) an infinite set of
values. The accuracy of these measures is con <trained only by instruments used in collecting
the data and the errors inherent in the data collection methodology. Examples of continuous
measures are travel time and vehicle speeds.

Depending on the type of measure being collected, one or more of the following statistics
will be obtained:

(1) Averages (mean values)

(2) Standard deviations (variances)

(3) Ratios, proportions

(4) Ranges for the raw data

(5) Freguency distributions of the raw data.

In addition to these five basic statistics, past experience on several FTA projects indicates
the importance of the more complex measures such as the coefficient of variation, namely, the
ratio of the standard deviation to the arithmetic mean, and statistics associated with multivariate
analysis, such as the coefficients of determination, standard errors, and “t" statistics. The
contractor should be alert to the potential use of other statistical measures in the analysis of
project data.

Confidence intervals will be computed for differences between means and proportions and
for ratios of variability measures. The procedures for calculating confidence intervals on ratios
of means and other ratios will not be given here, due to the complexity of the mathematical
formulas.

Actual calculations of confidence intervals depend usually on four elements: the sample
statistic being used to estimate the population parameter (defined above), some measure of
variability associated with this statistic (e.g., the sample standard deviation, the confidence level,
and the sample size).
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Commonly used confidence levels have 99 % and 95 % probabilities associated with them.
These correspond to 2 =.01anda = .05. It isrecommended that the contractor compute and
report confidence interval estimates based on both values of a. This allows the decision-maker
to assess both intervals and to determine which risk level is acceptable. (Note: For ana = .05,
while there is a 95% chance that the method employed will contain the true value of the
parameter being estimated, there is also a 5% chance that the intervals will not contain this true
value) B3

It should be noted that the sample size, n, which should be used in computing confidence
intervals is the actual number of sample observations made, which, in most cases, will be
different from the number originally planned.

Appropriate methods of analysis are now described in terms of discrete and continuous
measures. It isimplicit in any analyses performed using inferential statistical methods that the
reasonableness of assumptions will be tested, for example, normality. If the data being collected
can be classified as discrete, the following techniques may be used:

(1) Confidence intervals on a sample proportion to estimate the true population proportion.

The appropriate techniques here will be to use either the binomia distribution or the
normal distribution, depending primarily upon the sample size.

(2) confidence intervals on differences between two proportions. In this situation the
appropriate methodology is elegain to use the binomial distribution or normal distribution,
depending on sample 5zeB-

If the data element being collected during the project can be classified as continuous, then
appropriate methodologies which can be used are:

(1) Establishing confidence intervals on sample mean values to estimate population mean
values. The appropriate methodology will involve the Student’s “t” distribution.

[B-3] Itshould be noted that while the use of confidence intervals is required, the contractor may apply statistical
tests of significance, where appropriate.

[B-4]  When appropriate, other methods, such as &i-square, may be used to assess significance of differences
in discrete classifications where there are more than two alternatives.
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(2) Establishing confidence intervals on sample mean differences.  The appropriate
methodology will beto use the Student’s“t” distribution.

(3) Determining whether differences observed from more than two sample mean values can
be classified as significant. The appropriate methodology here would involve use of the
F distribution and the analysis of variance, coupled with the application of appropriate
linear contrasts techniques.

(4) Establishing confidence intervals on asingle variance. The appropriate methodology will
be chi-square.

(5) Establishing confidence intervals on ratios of variances. The appropriate methodology
will be the F distribution.B->

B.6 METHODOLOGY DOCUMENTATION
The contractor shall document and explain all considerations in data analysis and sample
size selection for each measure including:

(1) How variability was estimated.
(2) Rationale for the desired level of precision chosen.
(3) How the final sampling plan was established to ensure that an adequate sample size

would be available for analysis.

In addition, the method planned for performing all statistical calculations and tests should
be documented by reference to the appropriate equations and tables in Natrella or other reliable

SOources.

B.7 REFERENCES
The following are considered to be excellent references for statistical methods:

(1) Cochran, W.G., Sampling Technigues, John Wiley & Sons, Inc., New York, 1977.

[B-5]  For more than two variances, tests of significance rather than estimating confidence intervals may be
appropriate.
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(2) Natrella, M.G., Experimental Statistics, National Bureau of Standards Handbook 91,
U.5. Government Printing Office, Washington, D.C., 1966.

(3) Snedecor, G.W. & W.G. Cochran, Statistical Methods, The lowa State University Press,
Ames, 1989.
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APPENDIX C
GLOSSARY

ACCESS POINT -- That point at which atransit vehicle can be boarded.

ACCESS TIME -- The time from leaving a point of origin to arriving at a point where an
element of the transit system can be boarded.

ARTERIAL -- A highway primarily for through traffic, usually on a continuous route.

CENTRAL BUSINESS DISTRICT (CBD) -- Usually the downtown retail trade area of a city
with a concentration of retail business offices, theaters, hotels, and service businesses.
Generally an area of very high land valuation and heavy traffic flow.

COLLECTED MEASURE -- A data element which is directly collected, either by measurement
(e.g., vehicle travel time in minutes) or counting (e.g., number of vehicles).

CONTINUOUS MEASURE -- A data element which can, in theory, assume an infinite number
of alternative values (e.g., travel times, vehicle speed, distances). The accuracy of the recorded

values for these measures is dependent, primarily upon the instrument being used to collect the
data

CORRIDOR -- A route or group of routes having similar travel characteristics and generally
emanating from the CBD.

DERIVED MEASURE -- A data element which is calculated from basic measures (e.g.,
passenger miles per revenue mile).

DESTINATION -- Terminal end of atrip or the point at which atrip terminates.

DISCRETE MEASURE -- A data element which can assume only a fixed number of aternative
values (e.g., ayes/no response, classification by mode of travel).

EGRESS POINT -- That point at which the passenger |eavesthe last transit vehicle to be used
in going from origin to destination.

EGRESS TIME -- The time it takes after leaving the egress point to arrive at the destination.
ELDERLY -- Generally accepted for evaluation purposes as persons 65 or over. It is noted,

however, that the term elderly, or also seniors, is often applied to ages as low as 60, sometimes
55.
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EVALUATION PLAN -- An evaluation plan identifies the ways in which necessary data
elements will be collected, processed, summarized, analyzed, and interpreted (it is recognized
that modifications may be necessary as a project develops).

HANDICAPPED -- A person who by reason of illness, injury, age, congenital malfunction, or
other permanent or temporary incapacity or disability, is unable without specia facilities or
specia planning or design to utilize mass transportation facilities as effectively as persons who
are not so affected.

HEADWAY -- The time lag between transit vehicles moving in the same direction on any given
route.

LOW MOBILITY GROUPS -- Those who because of lack of opportunity or ability to use
automobiles, or because the absence of adequate public transportation, or because of the lack
of motivation or need, travel considerably less than others. Included are al of the transit
dependent groups except, possibly, youth.

MEASURE -- A data element to be obtained during an APTS project for purposes of evaluating
project objectives.

MILES OF TRANSIT ROUTE/ARTERIAL LANES -- Tota route miles for transit system.
Total lane miles of highway system.

MODAL SPLIT -- The separation of total person trips into various modes of travel.
ORIGIN -- The beginning of atrip or the zone in which atrip begins.

PASSENGER TRIP -- The movement of a person in a vehicle between two points separated
in space for a purpose other than solely continuing that movement.

PEAK HOUR -- That hour period during which the maximum amount of travel occurs (e.g.,
amorning and afternoon peak).

PEAK PERIOD -- That time period, usually longer than an hour, during which the maximum
amount of travel occurs (e.g., an A.M. and a P.M. peak).
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POOR -- A poor person is one who isamember of apoor family. The definition of apoor or
“economically disadvantaged family” as defined by the U.S. Department of Labor is:

| Family size | 2 3 4 5 6 |
| Annual 1ncome 6652 | 8509 | 10419 | 13350 | 15792 | 17,839 |

Because of differing transportation needs, a distinction is made between poor persons in the
|abor force and outside the labor force.

PROJECT SERVICE AREA -- That geographic region from which potential customersfor the
transit system can be drawn.

REVENUE MILES -- Sum of the mileage for each vehicle type in a transportation system over
which revenue can be generated.

ROUTE -- A fixed path traversed by atransit vehicle in accordance with a pre-determined
schedule.

RUN -- Onetransit vehicle trip in one direction from the beginning of aroute to the end of it.
When atransit vehicle makes around trip on one route, it has completed two runs.

SCREENLINE -- An imaginary line dividing the study area (APTS project area) into two parts
for purposes of analysis.

SEATING CAPACITY -- Total number of seats available on an operating transit vehicle.

TRANSIT DEPENDENT PERSONS -- Those who because of age, income, or physical/mental
incapabilities must rely on public transportation (e.g., do not have use of automobiles except as
passengers). Included are the elderly, handicapped, youth and poor (unemployed as well as
non-members of the labor force).

TRIP -- A person or vehicle movement which begins at the origin at the start time, and ends
at the destination at the arrival time and is conducted for a specific purpose.

UNEMPLOYED -- Persons who are members of the labor force and who are registered as
seeking ajob. The labor force is the sum total of all employed persons plus all persons
registered as unemployed. The unemployed are further separated into frictional unemployed
(persons who are in the process of changing jobs where such jobs are available), demand
unemployed (the excess of trained workers over available jobs), and chronic or hard-core
unemployed (individuals who have been unemployed for 16 weeks or more and who have
obsolete or non-usable skills or who are systematically precluded from employment because of
some feature of their being (e.g., their age, physical capability, |anguage capability, etc.))
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VALIDITY -- Two types: (1) internal validity - the soundness of conclusions about the use of
the APTS application, and its effects at the project site; and (2) externa validity: related to the
guestion of “generalizability” and the extent to which conclusions can be drawn about the
potential use of the APTS application at other sites.

VEHICLE COUNT -- The total number of vehicles in operation as detected by a vehicle count
for each category.

VEHICLE FLEET -- The total number of vehicles owned or being used under a purchase lease,
related parties lease, or a true lease.

VEHICLE MILES -- Sum by vehicle type in a transportation system of the total mileage
incurred by month on the vehicle type during the reporting period.  Can be classified into
in-service (revenue) and non-service (non-revenue) vehicle miles.

VEHICLE TRIP -- A vehicle movement which begins at a specific start point and ends at a
specific destination, said trip being for the purposes of revenue generation (seetrip).
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APPENDIX E
GENERAL WORK TASKS OF EVALUATION CONTRACTOR

The specific sequence of events and organizational responsibilities of the evaluation
contractor for planning and implementing evaluations are described in the task descriptions
below.  Although the evauation process involves a well-defined set of activities and
organizational interfaces, the unique operating environment of each project requires considerable
managerial and technica flexibility. Also, the project evaluations are conducted in adynamic
and not fully controllable setting. Due to unforeseen circumstances, the nature, scope, and
schedule of the project may undergo considerable modification over the course of the
implementation period. This will often necessitate time-critical changes in evauation plans and
activities.

E.ITASK 1: EVALUATION AND TASK ADMINISTRATION PLANS

During the planning phase of an evaluation effort, key decisions are made regarding the
scope, focus, methodology, budget, schedule, and organizational responsibilities for the
evaluation. This phase must be completed in sufficient time so that all necessary data can be
collected prior to project implementation.

Shortly after funding is provided to the local project sponsor or operator by FTA, the
Technical Task Initiator (TTI) will prepare aWork Order describing the type of evaluation and
the level of detail involved. This could range from a case study to a comprehensive evaluation
requiring extensive original data collection, from one site to many sites, and from asingle
evaluation to a crosscutting study. The contractor will first prepare a draft evaluation framework
describing pertinent information on the project and its setting, key issues to be examined, and
the recommended strategy for the evaluation. The draft framework will be reviewed by the TTI
and the FTA to ensure that all the key issues are adequately addressed and that the evaluation
strategy will produce a competent evaluation.

Once the framework and strategy are approved, with modifications as necessary, by the
TTI, it will provide the basis for an evaluation plan to be prepared by the contractor. This
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document should specify in detail the evaluation design analysis activities to be performed, data
requirements, data collection methodology, and analytical techniques.

The contractor shall prepare atask administration plan to accompany the evaluation plan.
The task administration plan should identify the personnel and resources that will be required
to perform the work, provide detailed evaluation cost estimates, and establish accomplishment
schedules.

The draft plans will undergo a coordinated review by the TTI, PTA and the loca
sponsor, and will be modified as necessary to ensure that: (1) the proposed evaluation design
isvalid and efficient and meets the needs of higher level crosscutting evaluation activities, (2)
the proposed data collection plan is feasible with respect to project phasing and local data
collection capabilities, and (3) the evaluation activities meet budgetary constraints.

E.2 TASK 2. IMPLEMENTATION AND ANALYSIS OF DATA

The implementation phase of the evaluation involves project monitoring, collection of
various types of qualitative and quantitative information, in-depth analysis of implementation
procedures and project impacts, and preparation of various written materials. Data collection
may be continuous or at selected time periods before, during and possibly after the project.
Data collection is a shared effort on the part of the contractor, the local sponsor, and frequently
aloca planning agency. Analysis and interpretation of the data gathered are the responsibility
of the contractor and the Vol pe Center.

The findings and the data obtained from the individual evaluations may serve as the basis
for avariety of analyses. State-of-the-art analysis techniques are used to analyze, compare and
contrast results of groups of demonstrations and other similar transit innovations. The
crosscutting studies will enhance the transferability of the concepts by providing an
understanding of what factors have been most influential on project outcomes. The findings also
indicate how the results might differ under other circumstances. Particular emphasisin these
activities is placed upon: (1) the potential range of project impacts and characteristics, (2)
appropriate applications of project services and techniques, (3) potential markets for PTA
innovations, and (4) potential improvements to increase the effectiveness of techniques in future
experiments and applications.



E.3TASK 3: REPORT PREPARATION

For each project, the contractor must prepare a Final Summary Evaluation Report.
Interim reports also may be produced covering specific phases of the project or particular topics
of immediate interest to the local sponsor and the transportation community.  All reports are
reviewed by the TTI, circulated to the local sponsors for comment, and revised in light of these
comments prior to publication. Evaluation reports will be disseminated widely to the
transportation community.
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